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General Guidelines for Major Papers 


Abstract. Clearly state (in 250 words or fewer) the purpose, 
methods, results, and conclusions of the study. Include actual 
data. 

Introduction. Briefly describe the purpose of the investiga- 
tion and explain why it is important. 

Methods. Describe the research plan, the materials (or 
subjects), and the methods used, in that order. Explain in 
detail how disease was confirmed and how subjectivity in 
observations was controlled. 

Results. Present results in a clear, logical sequence. If 
tables are used, do not duplicate tabular data in text, but do 
describe important trends and points. 

Discussion. Describe the limitations of the research plan, 
materials (or subjects), and methods, considering both the 
purpose and the outcome of the study. When results differ 
from those of previous investigators, explain the discrepancy. 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, sign the 
copyright form on the reverse side of this page, and include 
both with the manuscript. 

_... Two copies of the manuscript (the original and a 
photocopy) and two complete sets of figures are submitted. 
One copy has been retained by the author. 

_. If appropriate, AJR Guidelines for case reports, 
technical notes, pictorial essays, or letters to the Editor have 
been followed. 


—— The manuscript, including references, figure legends, 
and tables, is typed double-spaced on 81/2x 11. in. 
(21.6 x 27.9 cm) nonerasable paper. Right-hand margins are 
not justified. 

___All manuscript pages are numbered consecutively 
beginning with the abstract. Authors’ names do not appear 
on the manuscript pages. 

~—- The manuscript is organized as follows: title page, blind 
title page (title only), abstract, introduction, methods, results, 
discussion, acknowledgments, references, tables, figure 
legends, and figures. 

~ Informed consent has been obtained from patients who 
participated in clinical investigations. if experiments were 
performed on animals, authors complied with NIH guidelines 
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~ Use of unfamiliar acronyms and abbreviations is kept to 
a minimum. When abbreviations are used they are defined 
at first mention, followed by the abbreviation in parentheses. 
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current addresses of authors who have moved since study; 
acknowledgment of grant or other assistance. The corre- 
sponding author is clearly identified, and a current address, 
phone number, and FAX number are given. 

_._A blind title page is included in each copy of the 
manuscript, giving only the title (without the authors’ names) 
for use in the review process. 


Abstract 


___An abstract of approximately one and one-half 
typewritten pages is organized into the following paragraphs. 

Objective. In one or two sentences, indicate the specific 
goal or purpose of the article, and indicate why it is worthy of 
attention. Explain the hypothesis to be tested, the dilemma 
to be resolved, or the deficiency to be remedied. The objec- 
tive stated here must be identical to the one given in the title 
and introduction of the paper. 

Subjects (or materials) and methods. Describe succinctly 
the methods used to achieve the objective explained in the 
first paragraph, stating what was done, how it was done, 
how bias was controlled, what data were collected, and how 
the data were analyzed. 

Results. The findings of the procedures described in the 
preceding paragraph are presented here. All results should 
flow logically from the methods described and not stray from 
the specific objective of the paper. Include as many specific 
data as possible within the overall length limitation of one 
typewritten page. 

Conclusion. In one or two sentences, present the take- 
home message to be remembered when all else is forgotten. 
Describe the conclusion of the study, based solely on the 


data provided in the body of the abstract. Conclusions must 
relate directly to the objective of the paper as defined in the 
title and first paragraph of the abstract. 

____ No abbreviations or reference citations are used. 
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__. References (not to exceed 35) are typed double-spaced 
starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
___ All references are cited in the text and are enclosed in 
brackets and typed on line with the text (not superscript). 

__. Unpublished data are not cited in the reference list, but are 
cited parenthetically in the text, for example, (Smith DJ, 
personal communication), (Smith DJ, unpublished data). This 
includes papers submitted, but not yet accepted, for 
publication. 

___ Papers presented at a meeting are not cited in the 
reference list, but are cited parenthetically in the text (e.g., 
Smith DJ et al., presented at the American Roentgen Ray 
Society meeting, May 1990). After first mention, use (Smith 
DJ et al., ARRS meeting, May 1990). 

____ Inclusive page numbers (e.g., 333-335) are given for all 
references. 

_. Journal names are abbreviated according to Index 
Medicus. 

___. Style and punctuation of references follow the format 
illustrated in the following examples (all authors are listed 
when six or fewer; when seven or more authors, the first 
three are listed, followed by “et al.”): 

Journal Article 
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appearance, AJR 1986; 146:1257-1260 


Book 
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3. Breon AJ. Serum monitors of bone metastasis. In: Clark SA, ed. Bone 
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Tables 


__. Each table is typed double-spaced on a separate page 
without vertical or horizontal rules; each has a_ short, 


descriptive title. Tables do not exceed two pages in length 
and contain at least four lines of data. 

___Tables are numbered in the order in which they are cited 
in the text. 

Abbreviations are defined in an explanatory note below 
each table. 

____Tables are self-explanatory and do not duplicate data 
given in the text or figures. 

___All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


Figures and Legends 


_.Two complete sets of original figures are submitted 
unmounted in labeled envelopes. 

___Figures are clean, unscratched, glossy prints, uniform in 
size and magnification, with white borders. A separate print 
(not larger than 5 x 7 in.) is submitted for each figure part. 
___All figure parts relating to one patient have the same 
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affixed to the back of the print. Never use labels on color 
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____Authors’ names are not written on the backs of figures. 
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not broken or cracked. 

___Line drawings are done in black ink on a white 
background. They are professional in quality, and all use the 
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____Written permission has been obtained for use of all 
previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given 
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____Legends are typed double-spaced, and figure numbers 
correspond with the order in which the figures are cited in 
the text. 
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on the specific message and relevance of radiologic | 
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_ figure legends. 
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accordingly. Legends must not repeat the text. 
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reports. 


Pictorial Essays 


A pictorial essay is an article that conveys its message 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
_ Scientific meeting. They are not encyclopedic book chap- — 
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_ the scope of the paper and explain its importance on one | 


_ half of a double-spaced typewritten page. 


Length. Maximum of four double-spaced, typewritten — 
_ pages, including the references but not the title page or | 


_ figure legends. 
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Figures. Maximum of 30 figure parts. Number should be | 


| as few as necessary to convey the message of the paper. 
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_ rial essays. 


| Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 


articles dealing with controversial topics or issues of spe- | 
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Format. Include a title page but no abstract. Headings | 


may be used to break up the text. 
Length. Maximum of five double-spaced, typewritten 


| pages. 


References. Maximum of five. 
Tables and Figures. Maximum of four. 


: Technical Notes 


A technical note is a brief description of a specific tech- 


_ nique or procedure, modification of a technique, or equip- 


ment of interest to radiologists. 
Format. No abstracts, headings or subheadings are 


_ required. If headings are used, they should be a combina- 
_ tion of “Case Report,” “Materials and Methods,” “Results,” 


and “Discussion.” A brief one-paragraph introduction 
should be included to give the general background. Dis- 
cussion should be limited to the specific message, includ- 
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pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 
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_ gists. Material being submitted or published elsewhere 


should not be duplicated in letters, and authors must dis- 


_ close financial associations or other possible conflicts of ` 


interest. 
Format. All letters should be typed double-spaced on 


_ nonletterhead paper, with no greeting or salutation. Titles 
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reply is simply “Reply.” Do not use abbreviations in the 


_ title or the text. Authors’ names and affiliations should 


appear at the end of the letter. Do not end a letter with a 


_ handwritten signature. 


Number of authors. Maximum of four. 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

references. Maximum of four. 
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Tables and Acknowledgments. Not appropriate in Let- 
ters to the Editor and Replies. 


Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. include a title page and an abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 
5x7 in. glossy prints. 


All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
copyright agreement. 








oone 
ever said 
alot of knowledge 
is a dangerous 


thing. 


IN FACT, for radiologists, the only danger is not keeping up 


with what’s new. 
AJR: American Journal of Roentgenology is your monthly 


guide to the latest advances, with articles that are timely, succinct, 
and relevant to daily practice. 


AJR 
American Journal of Roentgenology 
Published monthly 
Robert N. Berk, M.D., Editor 
The University of California, San Diego 
Call toll-free to order: 1-800-438-2777 
from anywhere in the U.S. or Canada. 






fn 






Or clip and mail this coupon American 
umaj 
TODAY! oenige, A 


pma ASEE VERSEN VERBENA BEDENE ESON SEESE E OT EERE 
eee to AJR now, (Current rates available 
for up to three years.) 


(J Individual $125 /year 
i Institutional $135 /year . 
Q In-training* $25 /year T ayment options: 
(Add $55/year outside the U.S; in Canada, also add 7%G8t) KI Check enclosed (payable to AJR) 
(43 years 2 years hd l year 4 Bill me hdl Am Ex 


Subscriptions outside the U.S. must be prepaid in U.S. dollars. Rates valid [7 MasterCar a rre 
through October 31, 1993. O MasterCard L VISA 


| Name Card #/ Exp, Date 


Address Signature 


Acne: Return coupon to: 
City/State/Zip 


AJR, Subscription Fulfillment 
‘lease specifiy institution and training status P.O. Box 17266, Baltimore, MD 21297-0419 
AJR: AMERICAN JOURNAL OF ROENTGENOLOGY is the 
official journal of the American Roentgen Ray Society. 








“1S IT TRUE THAT 
NUCLEAR ASSOCIATES MAKES THE ONLY 


HAND-HELD SCANNING DENSITOMETER 
WITH BUILT-IN SINGLE-POINT 
MEASUREMENT CAPABILITY?” 





YES! AND IT’S CALLED MINISCAN. 





It's a fact. MINISCAN is exactly what you've been 
looking for to ensure optimum image characteristics 
for your x-ray film processors. 


Lightweight and compact, MINISCAN can be used 
to make single-point measurements — essential in 
mammography and cardiology procedures where 
the most stringent quality control is required. 
Operating as a transmission densitometer in the 
single-point mode, MINISCAN lets you spot-check 
single-point densities; a big help where non- 
21-step wedges are used or where spot measure- 
ments are required. 


In addition to its single-point measurement capability, 
MINISCAN can also measure, analyze and store 
data for as many as 20 sets of independent strips, 
allowing you to read the 21 density steps as well as 
average gradient, relative speed, base plus fog, 
contrast index, speed index and maximum optical 
density — all by step number. This data can be 
converted to hard copy using an IBM™ compatible 
PC running on Nuclear Associates’ FILM-PRO 
software package. 






MINISCAN can be calibrated in-house, using a stan- 
dard step table, eliminating a lot of down time and 
the possibility of erroneous calibrations by an outside 
service. And because MINISCAN is battery-operated, 
you can take your measurements at the processor site 
...another time-saving plus. 


When you use MINISCAN in your x-ray processor 

quality control program, you assure yourself of: 

e getting all of the necessary data to show you that 
your x-ray film processor is delivering optimum 
image quality. 

e detecting - at an early stage - changes that affect 
image quality, and taking the proper steps to re- 
solve the problem. 

e maintaining the highest standards of quality con- 
trol, resulting in a significant reduction in repeat 
x-ray examinations. 


Whether your format is sheet, spot or cine film, whether 
your requirements are for single-point measurements 
or scanning, the MINISCAN Densitometer can play a 
key role in helping maintain the high quality control 
standards you strive for. 








For more information, request Bulletin 5013-44 


IBM ™, International Business Machines, Inc 


NUCLEAR ASSOCIATES 


eee Division of VICTOREEN, INC 
ee 100 VOICE ROAD « PO. BOX 349 


CARLE PLACE, NY 11514-0349 U.S.A 


(516) 741-6360 
VICTOREEN J Fax (516) 741-5414 











| Keep It All Together | 
Easily and Conveniently With 


Bound Volumes of the 
American Journal of Roentgenology 










Keeping up with scientific and technological advances in radiology 
is more important than ever, and that’s why each issue of the 
American Journal of Roentgenology is packed with up-to-the- 
minute information crucial to you and your practice. Keep this 
important resource together for easy reference in convenient 
and attractive bound volumes. 


Each edition is imprinted with the year and volume number and 
contains 12 issues filled with the kind of vital research, commen- 
tary and analysis you’ ve come to expect in the AJR. 





For ordering information, contact AJR Subscription Fulfillment Department, P.O. Box 
Baltimore, MD 21297 or call toll-free 1-800-438-2777. 




















The VESS Chair The VESS Chair is an adaptive The VESS Chair allows for both 
seating device for the Modified lateral and anterior posterior 
Barium Swallow Study. For reli- viewing during videofl f 
helps you do a better w y. For reli iewing during vi uoroscopy 


able Swallow Study outcomes, The VESS Chair's ergonomic 
proper patient positioning and design, narrow size, tilting flexi- 


Swal i ow Stu dy alignment of the head and neck bility and transportability will 
is necessary. The VESS Chair pro- reduce the time needed in the 
vides Departments of Imaging fluoroscopy suite and contribute 
NEW: Linear Actuator Tilting Mecha- and Speech-Language Pathology to patient and staff safety. 
nism. Front Wheel Locking Mechanism yd positioning capability to 
for Better Steering Control. effectively assess the more diffi- 


cult or mobility-impaired patient. 
FEATURES INCLUDE— Width: 15 1⁄2 inches 
e IV Stand Holder Total Height: 50 inches 
e Chart Holder Total Length: 52 inches 
. Oxygen Tank Holder Estimated weight 
¢ Foley Bag Holder 135:1 
e Removable & Lockable Arms 





For more information call or write to: 


CHAIRS, INC. 





VESS Chairs, Inc. 

1033 N. Mayfair Road, Suite 200 
Wauwatosa, WI 53226 

(414) 476-2488, FAX (414) 259-0423 


DEMONSTRATION 
VIDEO AVAILABLE 














DIVAN rele Nl 


In the littlest patients, safety is the biggest concern. 


So it’s reassuring to know that the contrast medium OMNIPAQUE® 
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administration technique is necessary to minimize thromboembolic events. Please see next page for a brief summary of prescribing 
information. 
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Radicpaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
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tonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease. 

Administration of radiopaque materials to palients known or suspected of having pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed: however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with 
hyperthyroidism or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in 
such patients before use of any contrast medium. 

Urography should be performed with caution in patients with severely impaired renal function and patients with 

combined renal and hepatic disease. 
PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should be 
carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 
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procedure. as well as for emergency treatment of severe reactions to the contrast agent itself. Alter parenteral 
administration of a radiopaque agent, competent personnel and emer eny facilities should be available for at least 30 
to 80 minutes, since severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular—General). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients. and in susceptible nondiabetic patients (often elderly with preexisting renal disease), 
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better visualization in normal patients. Patients should be well hydrated prior to and folowing administration of any 
contrast medium, including tohexol. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
patients (often elderly with preexisting renal disease} following excretory urography. Therefore, careful consideration ot 
the potential risks should be given before performing this radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions 
shouid always be considered (see ADVERSE REACTIONS: intravascular—General). It is of utmost importance that a 
course of action be carefully planned in advance for immediate treatment af serious reactions, and that adequate and 
appropriate personnel be readily available in case of any reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS. Intravasculat—~General). The susceptible population includes, but is not limited to, patients with a history 
of a previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a known 
clinical hypersensitivity: bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, 
pretesting cannot be relied upon to predict severe reactions and may itselt be hazardous for the patient itis suggested 
that a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
media, may be more accurate than pretesting in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent where 
a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS: 
Intravascular---General). Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic 
reactions in such patients should be considered and administered using separate syringes. Recent reports indicate that 
such pretreatment does not prevent serious, ife-threatening reactions, but may reduce both their incidence and 
severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or othalamate-based ionic agents of 
comparable iodine concentration, the potential transitory Increase in the circulatory osmotic load in patients with 
congestive heart failure requires caution during injection. These patients should be observed for several hours 
following the procedure to detect delayed hemodynamic disturbances, 

General anesthesia may be indicated in the performance of some procedures in selected adult patients: however, a 
higher incidence of adverse reactions has been reported in these patients and may be attributable to the inability of the 
patient to identity untoward symptoms. or to the hypotensive effect of anesthesia, which can reduce cardiac output and 
increase the duration of exposure to the contrast agent 

Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of inducing 
thrombosis and embolism: 

ìn angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wail should 
be borne in mind during the catheter manipulations and contrast medium injection Test injections to ensure proper 
catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients in whom the expected benelits outweigh 
the potential risk. The Inherent risks of angiacardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure 

When OMNIPAQUE is to be injected using plastic disposable syringes. the contrast medium should be drawn into 
the syringe and used immediately 

it nondisposable equipment is used. scrupulous care should be taken to prevent residual contamination with traces 
of cleansing agents. 

Parenteral products should be inspected visually for particulate matter and dis- 
coloration prior to administration. If particulate matter or discoloration is present, do not use. 
Information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle 
ceil disease, or known thyroid disorder (see WARNINGS —General) 

3. inform your physician if you are aege to ay drugs, food, or if you had any reactions to previous injections of dyes 
used for x-ray procedures (see PRECAUTIONS General) 

å, Inform your physician about any other medications you are currently taking, including nonprescription drugs, before 
you are administered this drug. 

Drug/Laboratory Test interaction: If iodine-containing isotopes are to be administered for the diagnosis of thyroid 

disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 
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administration. Thyroid function tests which do not depend on iodine estimation, eg, T3 resin uptake or direct thyroxine 
assays, are not affected. Many radiopaque contrast agents are incompatible in vitro with some antihistamines and many 
other drugs; therefore, no other pharmaceuticals should be admixed with contrast agents. 

Carcinogenesis, Mutagenesis, impairment of eet No long-term animal studies have been performed to 
evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: it is not known to what extent iohexol is excreted in human milk. However, many injectable 
contrast agents are excreted unchanged in human miik. Although it has not been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are administered to 
ruing a Bottle feedings may be substituted for breast feedings for 24 hours following administration of 

NIPAQUE. 

Pediatric Use: Pediatric patients at higher risk of experiencing adverse events during contrast medium administration 
may include those having asthma, a Sensitivity to medication and/or allergens. congestive heart failure, a serum 
creatinine > 1.5 mg/dL. or those less than 12 months of age 

ADVERSE REACTIONS 

Intravascular-——General: Adverse reactions following the use of OMNIPAQUE are usually mild to moderate in 
severity. However, serious, life-threatening, and fatal reactions, mostly of cardiovascular origin, have been associated 
with the administration of iodine-containing contrast media, including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; pain and warmth are 
less frequent and less severe with OMNIPAQUE than with many contrast media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension 
(0.7%), Others including cardiac failure. asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 

an individual incidence of 0.3% or less. In controlled clinical trials involving 1.485 patients, one fatality occurred. A 
cause and effect relationship between this death and iohexol has not been established. 

Nervous System: Vertigo [including dizziness and lightheadedness] (0.5%). pain (3%), vision abnormalities 
including blurred vision and photomas] (2%), headache (2%), and laste perversion (1%). Others including anxiety, 
fever, motor and speech dystunction, convulsion, paresthesia. somnotence, stift neck, hemiparesis, syncope, 
aes transient ischemic attack, cerebral Infarction, and nystagmus were reported, with an individual incidence of 

% OF less. 

Respiratory System: Dyspnea, rhinitis, coughing, and laryngitis, with an individual incidence of 0.2% or less. 
Gastrointestinal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea, dyspepsia, cramp, and dry 
mouth were reported, with an individual incidence of less than 0.1%. 

Skin and Appendages: Urticaria (0.3%), purpura (0.1%), abscess (0.1%), and pruritus (0.1%), 

Individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed under 
that indication in full prescribing information 
Pediatrics: in controlled clinical trials involving 391 patients for pediatric angiocardiography, urography, and 
contrast-enhanced computed tomographic head imaging, adverse reactions following the use of OMNIPAQUE 240, 
OMNIPAQUE 300 and OMNIPAQUE 350 were generally tess frequent than with adults. 

aoe System: Ventricular tachycardia (0.5%), 2:1 heart block (0.5%). hypertension (0.3%), and enemia 

Hol. 

Nervous System: Pain (0.8%), tever (0.5%), taste abnormality (0.5%), and convulsion (0.3%). 

Respiratory System: Congestion {0.3%} and apnea (8.3%) 

Gastrointestinal System: Nausea (1%), hypoglycemia (0.3%), and vomiting (2%) 

Skin and A pendages. Rash (0.3%). 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse 
effects in addition to those discussed above. The following reactions have been reported after administration of other 
intravascular iodinated contrast media, and rarely with iohexol. Reactions due to technique: hematomas and 
ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis following intravenous injection. 
Cardiovascular reactions. rare cases of cardiac arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, 
hypotension, peripheral vasodilatation, shock, and cardiac arrest. Rena/ reactions, occasionally, transient proteinuria. 
and rarely, oliguria or anuria. Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions 
such as urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation, and rarely, 
anaphylactic reactions. Rare fatalities have occurred due to this or unknown causes. Signs and symptoms related to ti 
respiratory system; pulmonary or laryngeal edema, bronchospasm, dyspnea or to the nervous system: restlessness, 
tremors, convulsions. Other reactions: flushing, pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, 
contusion, pallor, weakness, sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. 
Rarely, immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, “iodism" 
ta ivary gland swelling) from organic iodinated compounds appears 2 days after exposure and subsides by the sixth 
ay 
ni general, the reactions which are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderate in degree, However, severe, life-threatenin 
anaphylactoid reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 6. 
per 1 million (0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main 
feature being cardiac arrest, with cardiovascular disease as the main aggravating factor. isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 20,000 (0.005%) 
patients. 
Adverse reactions to injectable contrast media fal! into two categories: chemotoxic reactions and idiosyncratic 
reactions. 
Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed of 
injection, All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the amount of dose injected, the speed of injection, and the 
radiographic procedure, Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor 
reactions are self-limited and of short duration: the severe reactions are life-threatening and treatment is urgent and 
mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in the 
general population, Patients with a history ot previous reactions to a contrast medium are three times more susceptible 
than other patients. However, sensitivity to contrast media does nol appear to increase with repeated examinations, 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur 

Regardless of the contrast agent employed. the overall estimated incidence of serious adverse reactions is higher 
with angiocardiography than with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, or 
myocardial ischemia or infarction may occur during ds entra and left ventriculography. Electrocardiographic 
and hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and 
diatrizoate sodium injection. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR 
INTRAVASCULAR USE OF OMNIPAQUE. 
OVERDOSAGE: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly the 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, pulmonary 
hemorthage, convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of all 
vital functions and prompt institution of symptomatic therapy 

enn intravenous LDsg values of OMNIPAQUE {in grams of iodine per kilogram body weight) are 24.2 in mice and 
15.0 in rats. 
DOSAGE AND ADMINISTRATION: Details are provided in the package insert 
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Ethics in Current Medical Imaging 


A. Everette James, ur.! 


The complexities of mod- 
ern health care delivery 
have restructured the rela- 
tionships of both providers 
and recipients. These have 
affected the service disci- 
plines especially, as well as 
the interrelationships among 
many providers of medical 
service themselves [1-4]. 
These departures from the 
historical modes of initiation 
and response in medicine 
provide radiologists with 
unprecedented challenges 
regarding daily judgments of 
what constitutes appropriate and ethical behavior [5-7]. 

This address will examine some of these complexities in 
the context of our historical traditions, offer some observa- 
tions regarding the effects of the present societal environ- 
ment, and suggest analysis and attitudes that appear to 
have future promise. 

Traditionally, medicine involved almost exclusively the fun- 
damental relationship of patient and physician—the physi- 
cian with an all-encompassing fiduciary capacity and the 
patient in a dependent and accepting role. Most of the princi- 
ples embodied in the Hippocratic oath and other guidelines 
for practice conduct reflected this private and quite personal 
arrangement. 





The concepts of ethical behavior in medicine evolved over 
a rather lengthy period; these codes of conduct were prima- 
rily based on personal human relationships, an ordered 
morality, and religious fundamentals. They were relatively 
uncluttered by concurrent economic considerations or by ini- 
tiatives from other disciplines. 

The rate constant for the development of ethical medical 
standards has changed from the historically slow evolution- 
ary process. By midcentury, medical ethics came to occupy 
an intermediate temporal position in their evolution. As 
advances in science entered daily practice, the rapid pro- 
mulgation of medical standards became the norm. The law, 
however, continued to develop its own behavioral guidelines 
in the characteristically ponderous method of litigation and 
precedent decisions that would eventually influence public 
policy. 

The deliberate and almost leisurely pace of the traditional 
development of ethical norms enjoyed by the medical pro- 
fession also was characterized by self-analysis, self-deter- 
mination, and self-regulation. Those changes in professional 
behavior that did occur among physicians went largely 
unchallenged, either by other practitioners of the discipline 
or by the patients as consumers. While the ministry of medi- 
cine was indeed a service, patients traditionally viewed (and, 
to a large extent, still do) the physician as someone who has 
undergone considerable personal sacrifice in order to 
become and remain competent to perform this service. The 
advantaged position of the medical profession was accepted 
as a natural consequence of the rigorous requirements of 
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entry to practice and the importance of this activity to society. 
Historically, only a few professions were recognized, and 
these were regarded with considerable respect by those 
they served. 


Characterization of Medical Practice 


Until the mid-20th century, medicine also was character- 
ized by its lack of definitive methods to diagnose and treat 
human diseases. Much of the care extended to patients was 
in the form of nurture and the provision of physical comfort, 
with little use made of complicated and expensive technol- 
ogy. The process of healing depended largely on the powers 
of the human body and spirit, with the physician supporting 
patients and their families while this process occurred. The 
physician was a recognized part of the cure but was not 
equated with or considered the cure itself [1, 8, 9]. 

in the decades after midcentury, the character of medicine 
and especially our discipline changed dramatically [10, 11]. 
Scientific discoveries were applied to the diagnosis and 
treatment of disease. Medical technologies were developed 
that required large sums of public resources. In response to 
practice opportunities, physicians began to specialize and 
subspecialize, finding themselves engaged in activities that 
were quite different and unique. This changed both their con- 
duct and their relations with patients and with their fellow 
physicians. Confidence in relief and cure of disease shifted 
from the fundamental nurturing relationship between per- 
sonal physician and patient to the more impersonal one, with 
the physician acting as purveyor of this new and powerful 
technology. Trust and hope on the part of the consumer- 
patient became confidence and expectation. The physician 
often became remote from the patient, and little, if any, per- 
sonal relationship could be established in this environment. 

The technological phenomenon, as well as the pioneers in 
its development and the early users of this instrumentation, 
was initially greeted with enthusiasm and almost awe. Public 
programs were developed to foster health care institutions 
such as hospitals that provided the appropriate locations for 
these biomedical advances, and methods of compensation 
were enacted to support their growth. After the Second 
World War, the groundswell of national pride made Ameri- 
cans confident that our industry, energy, and spirit would 
make all things possible in the decades to follow. Many of 
the technical advances developed for other purposes during 
the war could be and were applied to medicine. The delivery 
of health care moved from what was, at most, a cottage 
industry to a major business enterprise involving and con- 
suming a significant portion of public resources. 

In this enterprise, the role of physicians became that of a 
participant in a growth industry over which they came to real- 
ize they had much less influence and control than they had 
enjoyed under previous arrangements. Physicians were 
often the designated advocates in procuring these technolo- 
gies. As such, they had no traditional medical guidelines as 
to what represented proper and ethical behavior [12-14]. 
Understandably, as they--and their patients—became 
aware of these advances, the desire for access was often 
the prime determinant of their actions. 
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Regulation by Public Policy 


Restraints such as certificates of need were used by poli- 
cymakers to limit acquisitions and regulate the distribution of 
technology [15, 16]. In response, physicians entered into 
various financial arrangements in which an unstated intent 
was to circumvent the regulations. These entrepreneurial 
schemes would often involve physicians in ownership of the 
same technology they used on their patients. Their coinves- 
tors might well be businessmen whose primary or sole 
agenda was to make a profit. The ethics of these arrange- 
ments sometimes became a consideration of legality and not 
just of proper professional conduct. Considerations of bias 
and conflicts of interest became complicated and difficult to 
define clearly [1, 17-19]. 

Another initiative to regulate the use of technology was 
the enactment of diagnostic related groups (DRGs) [2, 12]. 
This arrangement allowed a specified amount of financial 
resources to be used in the evaluation and treatment of a 
particular constellation of symptoms and presumed diag- 
noses. Many health analysts thought that DRGs were a pro- 
spective pricing system that would determine the type of 
medical practice physicians could be compensated for ren- 
dering. This valued medical services in economic terms. In 
order to circumvent these regulations, physicians soon 
learned which presumptive diagnoses would allow them the 
most latitude in the evaluation and treatment process. 

Physicians in this circumstance often found themselves in 
the role of “gatekeeper,” distributing care according to guide- 
lines set by others, rather than practicing without constraint 
all the medicine they felt necessary in order to diagnose dis- 
eases and treat their patients optimally. They were also frus- 
trated because they were sometimes unable to meet the 
perceived expectations of patients regarding the access to 
and use of this expensive medical technology. This pro- 
duced an ethical dilemma for physicians, and the response 
was sometimes manifested by circumventing the DRG 
guidelines under the rationale that only they knew what was 
best for their patients, and their activities were an expression 
of this fundamental mandate. 

More recently, Congress and the Department of Health 
and Human Services have embarked on programs to 
restructure the practice of medicine, using guidelines of 
practice and compensation that could significantly regulate 
the behavior of physicians [20-23]. Since it is believed that 
we have entered into an era in which the technological and 
procedural practice of medicine is too highly rewarded and 
the “cognitive” (hands-on) practice of medicine is undercom- 
pensated, a system of valuation of activity and payment has 
been proposed to address this issue [24, 25]. A group of 
economists and policymakers, with the consultation of physi- 
cians, have developed a resource-based relative value scale 
to compensate physicians for their activities. 

Primary care involving patient and physician interaction is 
to be more highly compensated on a relative basis, and 
technological procedures will presumably become less 
rewarded. Physicians will now be forced to evaluate their 
intended course of medical action with a much greater 
emphasis placed on the direct effect on their personal 
income. This economic decision process is one in which 
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physicians feel increasingly uncomfortable, and their behav- 
ior will often reflect an attempt to abrogate this responsibility 
for cost containment that has been thrust on them. Ethical 
standards in this new practice environment may need to be 
recast [1, 12]. 


Development of Standards 


Another profound change in health policy that will greatly 
affect radiology is the development of practice guidelines. 
Currently in medical imaging there is a concerted effort to 
address the issue of standard of practice codification in a 
discipline that is characterized by a continuum of develop- 
ments [26]. These will provide ethical and legal issues for 
our specialty practice that are unprecedented [1, 9]. The 
common law of most states allows introduction of practice 
guidelines as evidence of the standard of care in malpractice 
litigation, provided that the data are relevant to the clinical 
issues involved and meet certain indicia of reliability. 
Although admitted into evidence, a practice guideline will not 
constitute a predetermined standard of care that a court is 
obligated to apply [27, 28). 

It is too early in the development of practice guidelines to 
state conclusively whether they can be usefully applied as 
the standard of care in malpractice litigation, especially in 
the dynamics of a discipline such as medical imaging [29]. 
Numerous technical problems and policy questions are 
associated with the development of practice guidelines that 
may make their use as a current prescriptive standard of 
care in medical imaging problematic, and it remains to be 
seen whether these issues can be satisfactorily resolved in 
the near term [23]. 

Many analysts believe that practice guidelines will enable 
physicians to provide high-quality medical care more effec- 
tively and efficiently, without significantly sacrificing the qual- 
ity of care. Practice guidelines may assist physicians in 
reducing the amount of unnecessary or inappropriate diag- 
nostic testing and care for patients, thereby decreasing the 
costs associated with unneeded diagnostic inquiries and 
services. Presumably, the number of unwarranted or ill- 
advised imaging studies would be reduced. Practice guide- 
lines also could reduce the frequency of avoidable injuries 
caused by substandard care and defensive medicine [30]. 

The rationale for making practice guidelines the standard 
of care in malpractice claims has some logic. If practice 
guidelines are meant to change clinical practice in ways that 
will yield substantial benefits in improved quality and 
reduced costs, they could then be applied as judicial stan- 
dards of care. Since practice guidelines are meant to 
describe the most appropriate ways to deal with clinical 
problems, it follows that they may well be the standard that 
radiologists will be held to when caring for patients. The 
development of common understandings will be complicated 
by the wide diversity of medical practices and the infeasibility 
of developing a single method of guidance for highly com- 
plex areas of endeavor, such as radiology. 

A number of different applications are expected for prac- 
tice guidelines, even for the same medical problem [23, 30]. 
Some users plan to apply them as guides for the treatment 
of patients and for utilization review procedures in quality 
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assurance to evaluate the competence of individual physi- 
cians. These guidelines also might be applied in risk man- 
agement procedures meant to prevent avoidable injuries of 
patients. Thus, a single method for development and a sin- 
gle format for presentation of practice guidelines to ade- 
quately meet all of these needs should not be anticipated. A 
practice guideline designed to control costs by describing 
when it is appropriate or inappropriate to use an expensive 
medical technology, for example, could presumably be 
developed and presented in a different manner than a prac- 
tice guideline that is designed to improve quality by describ- 
ing optimal strategies for the management of patients with a 
given medical problem [23]. 

Uncertainty makes medicine an art as well as a science, 
and it is not feasible to expect practice guidelines to capture 
and express the art of medicine or to encompass all of ethi- 
cal medical behavior. Uncertainty will result in differences of 
opinion among physicians about the ethical issues surround- 
ing a medical problem and how to address them. Practice 
guidelines that address disputed areas of medicine will 
hopefully be less prescriptive and will allow physicians and 
patients to decide which guideline should be appropriately 
applied. Practice guidelines that address areas of uncer- 
tainty should not be applied as absolute standards of care, 
or the art of medicine may eventually be lost. 

A practice guideline in medical imaging might soon 
become out-of-date as a result of the development and 
availability of new technological innovations, but its status as 
a legal standard could delay implementation of the technol- 
ogy. Recall the fate of nuclear medicine brain scans, pneu- 
moencephalograms, and myelograms with the advent of CT, 
radionuclide placentography with the introduction of sonog- 
raphy, and certain CT procedures with the introduction and 
availability of MR imaging. In this structured environment, 
the flexibility and spontaneity that medicine depends on for 
advancement might be significantly diminished. 


Outcomes Evaluation 


Medicine has traditionally been allowed to both value and 
evaluate the effectiveness and appropriateness of its ser- 
vices. Largely, this analysis has been cast in technical and 
medical terms. More recently, the phenomenon of increased 
societal accountability has given emphasis to a new valua- 
tion of medical endeavors, outcomes research [8, 25]. Often 
called “effectiveness research,” this method of inquiry or 
evaluative clinical science addresses the treatment of clini- 
cal conditions rather than individual procedures [9]. Out- 
comes research is a systematic assessment that is often 
conducted by multidisciplinary teams using judgments 
encompassing endpoints that reflect the values of patients. 

Outcome, defined as the effect on patients’ health and 
well-being, is a major societal concern as well as a substan- 
tial investment [8, 25, 31]. While the medical profession has 
largely assumed that interest in patients’ welfare is the pri- 
mary determinant of their activity, a Congress-mandated 
study by the Office of Technology Assessment estimated 
that only 10-20% of physicians’ activity resulted in improved 
welfare of patients. In the past decade, a number of inquiries 
have shown that the data supplied by traditional research 
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about medical appropriateness and effectiveness have been 
either incomplete or misleading. In response, we have seen 
the recent development of a specialized form of diagnostic 
inquiry, health services research. Congress has directed 
substantial resources to the Agency for Health Care Policy 
and Research for activities in this area of investigation. Their 
activities will certainly involve sophisticated and expensive 
technology. The effects on our discipline could be profound. 
Ethical canons for radiology may have to be restructured 
again. 

Ethics are values. Values depend on individual and per- 
sonal convictions often buffered and shaped by the environ- 
ment in which they are developed. As noted in this 
communication, the complexity of one discipline, as well as 
its inherently changing nature, will challenge both our char- 
acter and creativity in responding to ethical challenges and 
in developing appropriate new guidelines and standards. 
This will, in the future, more properly emphasize the desired 
outcomes of the users rather than the providers. Outcomes 
research will become an increasingly important investigative 
and evaluative endeavor. 

Control and responsibility in the entire health care field will 
undergo significant realignment in ensuing decades. Physi- 
cians are now at a juncture in the evolution of health care 
where they are being challenged in their fiduciary capacity 
and are subject to an ever-increasing public accountability. 
Practice outcomes are now being judged in response to 
patients’ values and quantified whenever possible in public 
perceptions. Medical ethics are now acquiring a closer fit to 
general human ethics and not to specialized standards his- 
torically accorded to the healing arts. Physicians and health 
care workers should make every effort to be an active and 
effective part of this process. 
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Edward B. D. Neuhauser Lecture 


Pediatric Neuroradiology: Its Evolution as a Subspecialty 


Derek C. Harwood-Nash! 


Pediatric neuroradiology 
emerged as the first formal 
subspecialty of pediatric radi- 
ology during the late 1960s. 
The history of its development 
as an unusual and effective 
combination of an age-related 
and a specific organ-directed 
Clinical subspecialty, and the 
considerable technical adap- 
tation and innovation within 
the diagnostic imaging so 
required, merits its inclusion 
within the history of the mod- 
ern matrix of radiology. This 
Neuhauser Lecture outlines 
the odyssey of this subspe- 
cialty until the present: the adaptation of techniques and equip- 
ment to accommodate imaging of patients of all sizes—from 
1-kg infants to young adults—and the understanding of the 
wide spectrum of CNS diseases, many often extremely com- 
plex. The evolution of this special body of knowledge and 
experience, the established and productive fellowship pro- 
grams, and the significant part pediatric neuroradiology now 
plays in major scientific and professional associations and 
societies have led to this subspecialty becoming a lifelong per- 
suasion for a growing number of radiologists. 
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What is all knowledge too but recorded 
experience, and a product of history; of which, 
therefore, reasoning and belief, no less than 
action and passion, are essential materials? 


Thomas Carlyle 
Critical and Miscellaneous Essays 


Pediatric neuroradiology has evolved to become a specific 
and objective science. It is a special diagnostic art form, 
tempered by the radiologist’s own clinical experience, often 
tinged by imagination, yet blended with a delicate touch—all 
because the margin for error is small. The complexity of 
developmental neurologic disease, the prevalence of 
unusual and often congenital neoplasms, the plasticity of the 
skull base and sutures, and the often difficult techniques are 
few of the many instances that make pediatric neuroradiol- 
ogy different. It is necessary to be aware of the history of its 
genesis and development in order to better understand its 
present significance, and more so to chart its future. The 
challenges of modern imaging techniques, their adaptation 
toward effective diagnosis and management of pediatric 
CNS diseases, and the innovations so required are no differ- 
ent in principle from those required in the past. The rewards, 
however, are surely now much greater. 
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Department of Radiology, University of Toronto, Hospital For Sick Children, 555 University Ave., Toronto, Ontario, Canada M5G |X8. Address reprint requests 


to D. C. Harwood-Nash. 


AJR 1993;160:5-14 0361-803X/93/1601-0005 © American Roentgen Ray Society 


6 HARWOOD-—NASH 


To be the Neuhauser Lecturer of the Society for Pediatric 
Radiology (SPR) is a treasured honor given by one’s peers. 
To have known the late E. B. D. Neuhauser, and his still 
remarkable wife Gernda, is a privilege. Dr. Neuhauser 
started pediatric radiology in North America; he greatly 
assisted and supported those involved in the birth of one of 
its offsprings, pediatric neuroradiology. 

The 1991 Neuhauser Lecture has further significance. 
The inaugural conjoint meeting in 1987 of the SPR and the 
European Society of Pediatric Radiology (ESPR)—Interna- 
tional Pediatric Radiology (IPR '87)—was held in Toronto, 
Canada. Its Neuhauser Lecturer, the first by a non—North 
American, was given by one of Dr. Neuhauser’s pupils and 
by my invitation: Professor Andres Giedion from Switzerland. 
Dr. and Mrs. Neuhauser were there, and it was Dr. Neuhaus- 
er's last meeting. It is fitting therefore that the second con- 
joint meeting of the SPR and ESPR, IPR '91 in Stockholm, 
the first meeting of the SPR outside North America, have as 
its Neuhauser Lecturer a North American, a Canadian, by 
invitation of its president, Donald R. Kirks of Cincinnati, him- 
self a past pediatric neuroradiology fellow. John A. Kirk- 
patrick, Dr. Neuhauser's successor at Boston Children’s 
Hospital (who in turn is now succeeded by Dr. Kirks), and 
Bernard J. Reilly, one of Dr. Neuhauser’s earliest fellows and 
my own predecessor, were also honored at IPR ’91 with the 
SPR’s gold medal. Just as Dr. Neuhauser melded and 
adapted radiologic techniques designed for imaging adults 
to the clinical problems of pediatrics, whence pediatric radi- 
ology evolved, so did pediatric neuroradiology emerge from 
the practice of neuroradiologic imaging of adults to meet the 
clinical demands of pediatric neurosurgery and neurology. 
Both pediatric persuasions form a suitable paradigm of the 
familiar adage: a child is not a small adult. 

Early in the 1960s a small and determined group of neuro- 
surgeons in North America were becoming specialized full- 
time in pediatrics. This group, by their own actions and 
demands, formed the catalyst, indeed the challenge, for 
pediatric neuroradiology to evolve. Neuroradiology as a 
whole had by then already become formalized, and its early 
practitioners in North America, Scandinavia, England, and 
elsewhere in Europe started to develop a secondary interest 
in children. Notwithstanding, at that time most pediatric neu- 
roradiologic techniques were being performed by neurosur- 
geons and neurologists. Thus, in 1968 there first arose, 
within the clinical pediatric neurologic sciences, a few young 
radiologists, some self-taught, but devoted full-time to a new 
and defined discipline: pediatric neuroradiology. Formal and 
defined fellowship training programs soon after evolved at 
the Hospital for Sick Children in Toronto with myself and 
Charles Fitz and then with Roy Strand at the Children’s Hos- 
pital in Boston. Initially, great difficulty was experienced, to 
be expected, in rightly claiming neuroradiologic procedures 
from neurosurgeons and neurologists. Quality, safety, and 
service had to be assured. The demands of these clinicians 
together with those of orthopedic surgeons were then, and 
have always been, considerable—now even more so. 

Notwithstanding the ease and safety of the new and 
refined modern techniques of imaging—-CT, MR, and the 
many techniques of sonography well suited to infants and 
children—a recurring caveat was, and still is, however, that 
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ease in itself is not an excuse or an indication. Definition and 
accuracy are the paramount principles. 

The art of pediatric neuroradiology subsequently flour- 
ished worldwide in scope and in the number of practitioners, 
many prominent within general and pediatric hospital depart- 
ments and radiologic and neuroscience societies. Many ini- 
tially so trained by the first few are now themselves training 
third generations of pediatric neuroradiologists. Scholarly 
books [1-5] and a crescendo of scientific publications form a 
significant part of the radiologic literature, more so now with 
the advent of sophisticated sonography and MR imaging. As 
in North America, pediatric neuroradiology now flourishes in 
England, Scandinavia, elsewhere in Europe, Australia, New 
Zealand, and, lately, in Japan, Israel, and South America, for 
example. Pediatric neuroradiology has, to many, become a 
full-time, and even life-long, profession, a now mature sub- 
specialty within clinical diagnostic imaging. 


The Evolution of Pediatric Neuroradiologic Techniques 


Before and during the 1960s, pediatric radiologists were 
extraordinarily adept in interpreting standard radiographs of 
the skull and spine. What few angiograms, myelograms, 
ventriculograms, and pneumoencephalograms then ob- 
tained were also interpreted by neurologists and neurosur- 
geons and by a few interested and experienced “adult” neu- 
roradiologists [6]. This changed in 1968 [1]. Although 
detailed descriptions of every nuance of these early tech- 
niques exist [1, 6, 7], itis appropriate to outline their past and 
present uses from the perspective of modern-day practice. 


Ventriculography 


Historically, the first air ventriculogram was obtained in 
1918. This then evolved into pneumoencephalography, per- 
formed when clinically permissible by the lumbar route 
rather than direct transcerebral needle insertion into the ven- 
tricles (Fig. 1). Many oil-based contrast media followed and 
disappeared: iodized poppy seed oil, Lipiodol, Thorotrast, 
and Pantopaque (ethyl iophenylundecylate). In 1966, a 
water-soluble contrast agent, methyiglucamine iothalamate 
60%, was used, but it was extremely neurotoxic if it moved 
from the ventricular system into the subarachnoid space, 
causing severe seizures. Metrizamide, introduced in 1973, 
was much safer, and both plain film and CT contrast- 
enhanced ventriculography were performed to great effect, 
often together with air ventriculography (Fig. 2). Safe and 
nonionic water-soluble contrast agents rapidly followed. The 
use of such agents with CT continues even today in myelog- 
raphy, providing accurate evaluation of CSF flow from one 
CSF compartment to another within the intracranial cavity 
and often showing the degree of aqueduct patency with cer- 
tainty. 

Micropulverized barium was placed in large cerebral 
abscesses often found serendipitously during ventriculogra- 
phy and after drainage by direct needle puncture, particu- 
larly in abscesses occurring in infants (Fig. 3). The walls of 
the abscesses took up the barium and allowed easy plain 
film follow-up of their size and shape. Leakage into the ven- 
tricular and CSF spaces seemed to have no untoward 
effects. 
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Fig. 1.—Ventriculography. Brow-up ventric- 
ulogram of infant with hydrocephalus shows 
astrocytoma (arrow) in roof of third ventricle 
blocking each foramen of Monro. 
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Fig. 2.—Positive-contrast ventriculography. 
Ventriculogram obtained with a combination of 
air and water-soluble contrast media (arrow) in 
an infant with hydrocephalus shows contrast 
material in distorted aqueduct (arrowheads) of 
a Chiari malformation, which could not be 


mad 





Fig. 3.—Micropaque barium cerebral cystog- 
raphy. Cystogram of infant shows contrast 
material in huge cerebral abscess that was dis- 
covered when ventriculogram was attempted. 
Abscess subsequently shrank to form a small 
opacified nidus, which was followed up with 


filled with air. 


Pneurmoencephalography 


Pneumoencephalography was performed in children sus- 
pected of having intracranial abnormalities, in whom no evi- 
dence of increased intracranial pressure was present. 
infrequently and disturbingly was an unsuspected mass 
identified, the procedure aborted, and angiography resorted 
to forthwith. 

The paramount principles were safety, accuracy, ade- 
quate fixation, and immobilization of the child. Anesthesia 
was necessary in all but cooperative teenagers. A most nec- 





Fig. 4.—Primitive air encephalographic equipment. A homemade 
patient stand and film holder were placed on a stretcher together with a 
ceiling-mounted tube, enabling satisfactory air encephalogram to be 
obtained in an anesthetized child. 


skull radiographs only. 


essary homemade primitive “scaffold” (Fig. 4) first had to be 
constructed to accommodate all ages. This contraption was 
placed on a wooden stretcher together with a mabile porta- 
ble C-arm image intensifier and an overhead tube—thus 
was pneumoencephalography performed. In total, pneu- 
moencephalography was performed, safely, in 1000 infants 
and children of all ages by this method [1]. 

This in-house manufacturing started a continuing and 
often frustrating practice of innovations and also adaptations 
of equipment, catheters, and needles often initially designed 
for adults and not for infants and children weighing from 1 kg 
to 80 kg. 

Short-beveled needies, correct head and chin positions, 
and relatively large volumes of air injected in fractionated 
amounts provided superb images of the surface anatomy of 
the brain and ventricles (Fig. 5). All the nuances of the varia- 
tions of normal anatomy were fully appreciated, more so 
than with CT and equivalent even to that with MR. Subse- 
quent supine polytomography {available in 1964) supplied 
superb anatomic detail of the optic nerves, infundibulum, 
floor of the third ventricle, temporal horns, and anterior ven- 
tricular borders to a degree nearly equivalent to that seen on 
MR images 20 years later. 

The acquisition in early 1970 of the remarkable universal 
system Mimer Il] (Elema-Schonander) altered this crude 
method, but this machine was constructed for adults and 
children (Fig. 6), not for infants. This deficiency led to our 
design of The Hospital for Sick Children infant cradie (Fig. 7) 
(subsequently refined by Torgny Greitz of Stockholm), which 
was then used within the Mimer I} system for infants and 
young children weighing from 800 g to 10 kg. Safe and con- 
trolled vertical 360° rotation and side-to-side movement with 
optimal patient fixation (Fig. 7) enabled ventriculography and 
pneumoencephalography io be performed while the patient 
was under anesthesia. An associated special attachment for 
a leukotome needle (Fig. 8) was made for Harold Hoffman, 
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Fig. 5.—Pneumoencephalography. Brow-up pneumoencephalogram 
shows exquisite surface detail of upper pons, fourth ventricle, aqueduct, 
quadrigeminal bodies, anterior third ventricle, cavum velum interposi- 
tum, and ventricles. Tip of basilar artery (arrow) is clearly seen in inter- 
peduncular cistern; air is held by anteriorly placed membrane of 
Liliequist. 


our neurosurgical colleague, and us, whereby the cradle 
could be used for percutaneous third ventriculostomies 
(Fig. 8). Furthermore, linear tomography at any angle was 
also possible. The duration of each of these studies was up 
to 2 hr. In all, 4000 infants and children at our hospital, and 
many more elsewhere, were satisfactorily and safely exam- 
ined in this way by using ventriculography and pneumoen- 
cephalography. 





Fig. 6.—Mimer chair with standard child’s chair attached shows com- 
plex but safe immobilization of anesthetized child. This chair enabled 
safe 360° rotation. 
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Myelography 


Contrast agents used in myelography paralleled their 
advent and use in ventriculography; Pantopaque was in 
vogue in the late 1960s. Myelographic techniques in infants 
and children were similar to those in adults, with the excep- 
tion that anesthesia was routinely used. This procedure was 
initially performed in a dark fluoroscopy room. Image intensi- 
fication then emerged. It was soon found that the conus and 
cauda equina, especially in children, were posteriorly posi- 
tioned in the dural sac, and thus anteroposterior imaging 
with the patient supine was essential in order to best visual- 
ize these areas, areas often having significant abnormalities 
in children. It was also considered, by us, that removal of the 
Pantopaque was essential. Hence, for these reasons, 
supine imaging was performed with the child supine and 
supported by U-shaped cushions of various heights, with the 
needle thus in situ during imaging and therefore available at 
the end of the procedure for removal of contrast material. 

Deliberate off-line puncture in the lumbar region was 
safely performed even in the presence of a low spinal cord. 
Rarely did the needle tip pierce a hydromyelia, with dramatic 
images and temporary treatment of the cyst (Fig. 9). Con- 
trast material often entered the fourth ventricle, whereupon, 
and as in positive-contrast ventriculography, a normal thin 
central spinal cord canal filled with contrast material. 

Air myelography was first performed with great success 
together with polytomography, but only with patients in the 
supine, prone, and lateral positions. This soon changed with 
the advent of the Mimer III system, and total air myelography 
could be performed with the patient in any position. This usu- 
ally showed congenital abnormalities of the spinal cord and 
canal, especially the collapsing cord of hydromyelia, collaps- 
ing because of a patent obex permitting egress of the CSF 
from the hydromyelia after the injection of air. Safe water- 
soluble contrast agents used together with CT enormously 
refined myelography [8]. 

Notwithstanding anesthesia and the complex abnormali- 
ties being studied, such myelography usually took only 
40 min. 


Angiography 


Before 1968, pediatric cerebral angiography was usually 
performed, with various success, by neurologists and neuro- 
surgeons who used direct carotid puncture or retrograde 
brachial artery techniques. Most of these were also associ- 
ated with simple hand-injection of contrast material. In Bos- 
ton and Toronto, the practice was established in 1968 that a 
few practitioners (radiologists) did all the studies; thus, spe- 
cial expertise and learning centers developed, stimulating 
the birth of pediatric neuroangiography. The political conno- 
tations were obvious. 

Direct carotid and vertebral punctures in children were dif- 
ficult and different. The arteries of the young are relatively 
tough and extremely mobile and obviously small. Autoclaved 
reusable and manually sharpened needles were used again 
and again, and a short bevel was essential (the arterial 
lumen is often very tiny). Small 6-in. (15-cm) guidewires 
were often used to thread the needle cannula up the carotid 
artery for better fixation before injection. Vertebral puncture 
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Fig. 7.—Custom-made Hospital for Sick 
Children infant cradle, used with Mimer III sys- 
tem enabled safe and quick pneumoencepha- 
lography, ventriculography, and anesthesia. 


Fig. 8.—Percutaneous third ventriculostomy. 

A, Adaptation to cradle made it possible to insert a leukotome needle under direct vision into 
third ventricle through its floor, which is outlined by contrast material in B. 

B, Ventriculogram shows contrast material flowing through defect, enabling satisfactory cure by 


ventriculostomy of hydrocephalus due to aqueduct stenosis. 





A 


Fig. 9.—Hydromyelia. 





A, Pantopaque cystogram obtained inadvertently by puncture of hydromyelia shows classical irregular septa of this condition for the first time. 
B, Modern MR images (20 years after A) show hydromyelia with septa and Chiari malformation in an infant. 


was difficult because of the small size of the artery. Blunt 
cannulas around a sharp trocar were then developed. 
Suboptimal needle positioning and indeed medial and 
adventitial injections of considerable extent and concern 
occurred, particularly in inexperienced hands (Fig. 10). With 
experience, however, these mishaps soon became few and 
far between. Primitive mechanical injectors helped, particu- 


larly in retrograde brachial injections, similar to those per- 
formed in adults. A cut-down brachial approach, injection 
and closure, even in the smallest infant, could be performed 
in 30 min. 

General anesthesia was used from the beginning, and to 
this date enables perfect cooperation, accuracy of puncture, 
and the highest quality filming, which initially often was 
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Fig. 10.—Complications of direct-puncture 
arteriography. Attempted direct percutaneous 
insertion of needle by inexperienced nonradi- 
ologist, unsure position of needle tip, and 
unwise hand injection of contrast material led 
to subintimal injection and direct filling of cer- 
vical veins, into fascial planes and extradural 
spinal compartment. 





bedeviled by primitive rapid film changers and primitive 
radiographic equipment. 

Within anesthesiology, the techniques of hyperventilation 
were instituted and performed, and still are to this day; our 
unit has a present experience of more than 3000 angio- 
grams, some obtained in infants weighing as little as 1 kg. 
This hyperventilation technique produces a carbon dioxide 
tension of 25-30 mm Hg and thus enables better visualiza- 
tion of smaller, deeper vessels and abnormal vessels, both 
refractory to the effects of low carbon dioxide tension; with 
subtraction and magnification, small vessels 100 um in 
diameter were well visualized even in the tiniest brain. 
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Fig. 11.—Childhood cerebral arterial disease. 

A, Angiogram shows classical beaded appearance of cerebral arteriopathy of unknown origin in 
a child who had a stroke. 

B, Basal projection of MR angiogram shows thrombosis of right internal carotid artery, proximal 
segments of right anterior cerebral artery, and part of right middle cerebral artery, illustrating good 
visualization of major vessels by this technique. (Courtesy of W. G. Bradley, Jr., Long Beach, CA.) 


Fig. 12.—Normal kinks of carotid artery in 
children. 

A, Sagittal sonogram shows unusual dilated 
segment of internal carotid artery, possibly an 
arterial venous malformation or an unusual 
aneurysm. 

B, Digital angiogram shows normal, com- 
monly seen kink of this internal carotid artery. 


Selective cranial angiography via a percutaneous femoral 
catheter started in 1969 with hand-made and hand-shaped 
catheters, with special tight S-shaped ends made each day, 
by using special 3- to 5-French soft catheters. No cut-down 
insertions were ever necessary. Only infrequently was the 
end of a small catheter inadvertently placed at the supracli- 
noid portion of the internal carotid artery or even at the origin 
of the posterior cerebral artery. These early superselective 
catheterizations fortunately caused no sequelae. Digital 
angiographic subtraction images now in use are of a quality 
nearly equivalent to those obtained with the original cut-film 
techniques. These have made our tasks easier, but the basic 
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technique remains unchanged. The full spectrum of the 
extraordinary vascular disease in children (Fig. 11) soon 
became apparent, as well as normal variations peculiar to 
children (Fig. 12). These latter are not now being identified 
as frequently because of the regrettable reluctance to do 
angiography and the diminishing number of radiologists with 
expertise in angiography in the era of modern CT and MR. 
MR angiography is not sufficiently developed to show small- 
vessel disease. 

The advent of cerebral interventional angiographic tech- 
niques has resulted in their successful adaptation for infants 
and children, particularly with newer, smaller directed cathe- 
ters, coils, glues, and balloons. The size of the parent ves- 
sels in infants and the physiologic fragility and often complex 
diseases of the infant make it essential for this angiographic 
art to be practiced only by the most expert and experienced 
pediatric angiographers. 


CT 


Initially, the so-called computerized axial tomogram, the 
CAT scan, revolutionized pediatric neuroradiology as early 
as 1974—with the use by ourselves and others of a first gen- 
eration of EMI scanners. The then remarkable polyglot of 
pixels, originally in 80 x 80 matrix studies and often taking as 
much as 90 min, provided 13-mm slices and relatively crude 
(Fig. 13), but “safe,” anatomic images [1]. 

Initially, again, a special cradle had to be built by us to 
support an infant's head, this thrust into a water bag while 
the infant was anesthetized. Then, in 1976, we and others 
acquired the first of a succession of “body” CT scanners that 
provided dramatic detail enhancement and had wide ori- 
fices. Adaptations to the support systems for infants, even 
today, still have to be made in-house. 


Fig. 13.—Early CT scans of head in children. 

A, One of earliest EMI scans shows a lipoma 
of corpus callosum containing calcification. 

B, Scan shows essentially an enhancing 
cyst, which angiograms (not shown) indicated 
was a congenital vein of Galen varix and bilat- 
eral chronic subdural hematomas. 
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This initial imaging evolution in pediatrics thus satisfied at 
last the basic tenets of neuroimaging of all clinical entities: 
the diagnostic evaluation of normal and abnormal geography 
(surface) and character (substance) of the brain and spinal 
cord and their coverings; previous techniques showed sur- 
face geography only. CT and sonography, for example, revo- 
lutionized the assessment of brain hypoxia and hemorrhage 
in the neonate. 

A singular problem of CT was the inability to provide accu- 
rate sagittal images, which was solved recently, however, 
with exquisite three-dimensional imaging techniques. The 
original advantage of CT was that it was safer and showed 
most abnormalities of the brain substance of the CNS, 
together with surface anatomic aberrations; thus, the rapid 
decline of expertise in performing the older studies led to 
wholesale use of CT regardless of its shortcomings. This in 
many ways also led to a regrettable decrease in, or indeed 
neglect of, angiography. 

The diagnostic advantages of the anteroposterior view of 
pneumoencephalography and ventriculography were trans- 
ferred to the development of the coronal CT views of the 
head, obtained by having the patient's neck hyperextended 
with the body supine. Direct sideways-placed sagittal CT 
scans of the head and spine are possible in small children 
weighing up to 10 kg. The combination of safe water-soluble 
myelographic and ventriculographic agents with CT evolved 
into CT contrast-enhanced ventriculography and CT myelog- 
raphy; the last quickly replaced standard myelography, 
especially in the assessment of congenital abnormalities of 
the spine and cord and of the cauda equina, and often is still 
the gold standard. 

No more was anesthesia necessary for CT, and the 
increasing speed and degree of anatomic definition provided 
by CT slowly, but not completely, diminished the need for 
heavy sedation, now mostly given by the IV route 
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Sonography 


A workhorse in pediatric neuroimaging of the infant is 
sonography. With the relatively recent evolution of extremely 
high-resolution real-time sonography, and now standard and 
color Doppler sonography, which is performed more quickly 
and easily, sonography is a technique that has made its 
mark in neuroimaging, often as the first imaging procedure 
of choice for the brain and spinal cord of infants. Germinal 
matrix hemorrhage in premature neonates, periventricular 
leukomalacia, complex midline congenital abnormalities in 
the neonate, ventricular size, craniocervical cord anomalies, 
the spinal cord, and spinal dysraphism are among the enti- 
ties wherein sonography has had an enormous impact. 

There is a present need, however, for those expert in pedi- 
atric sonography and those experienced in pediatric neuro- 
radiology to become more familiar with each others’ 
expertise and knowledge. 


Nuclear Medicine 


Since 1972, pediatric neuro—nuclear medicine has slowly 
and steadily evolved with neuroradiology, especially now 
with the advent of single-photon emission computed tomog- 
raphy (SPECT). For example, the initial use of nuclear medi- 
cine studies for the detection of where and how many 
suspected acquired lesions are in the spine and for the eval- 
uation of blood perfusion or often subtle tissue changes of 
inflammation and neoplasia in the brain or its coverings is 
still an important part in the diagnostic protocol of pediatric 
neuroradiology. 


Standard Radiographs 


It may whimsically be said that conventional skull and 
spine radiographs are the newest special procedure. Need- 
less to say, it is still appropriate to recommend posteroante- 
rior and lateral skull radiographs and anteroposterior and 
lateral spinal radiographs as the first study in the imaging 
assessment of CNS disease in a child. The exquisite bony 
detail obtained in any plane by polytomography, particularly 
of the base of skull, petrous bones, and spine, has been 
matched in all but the sagittal plane by CT. Only with accu- 
rate three-dimensional CT reconstructions is the full topogra- 
phy of bone seen, avoiding common artifacts produced by 
image slice averaging or by significant bony distortions (e.g., 
scoliosis and distortions of the craniocervical junction). 


MR Imaging and the Challenge of the Future 


During the mid and late 1980s the remarkable advent of 
MR began to reveal many of the nuances of the pathology of 
childhood CNS diseases indicated clinically but previously 
hidden, or often, frustratingly, imperfectly seen on or sug- 
gested by CT scans. 

A new lexicon of disease syndromes and eponyms was 
thus thrust upon us, now being exquisitely shown in geogra- 
phy and character and often only needing histologic elucida- 
tion or affirmation (Fig. 14). Typical of these were unusual 
aberrations of embryology (Fig. 15), especially within brain 
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Fig. 14.—Dilated Virchow-Robin spaces. T1-weighted axial MR image 
of child with Hurler’s disease shows multiple and characteristic dilata- 
tions of Virchow-Robin spaces. 


migrations and sulcations; the precise pattern, development, 
and alterations of myelin (about which whole textbooks have 
been written [9]); most subtle alterations of gray and white 
matter in childhood abnormalities caused by defects in neu- 
rochemistry and cerebral enzymes; and especially spinal 
cord diseases—changes that in many are found by MR to be 
characteristic. 

It is not only the ease of obtaining MR images, and not 
necessarily the surface depiction of anatomy by MR relative 





Fig. 15.—Multiple congenital anomalies. Sagittal MR images obtained 
at multiple levels show, from top left clockwise, a posteriorly placed 
brainstem and a Dandy-Walker cyst (top left); meningoencephalolipo- 
cystocele posteriorly (top right); and schizencephaly, pachygyri, and 
central cleft face (bottom left and right). 
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Fig. 16.—Sagittal MR imaging of spine. T1-weighted MR images at contiguous levels 
show entire tract and intradural location of intradural extramedullary dermoid. 


to CT, that makes MR imaging so attractive, but also often 
the beauty of the sagittally displayed image of the head and 
spine (Fig. 16), an art lost with the demise of pneumoen- 
cephalography and myelographic tomography. 

Perhaps MR angiography eventually will match the ana- 
tomic depiction provided by contrast angiography. Certainly 
all the technologic capabilities of MR—MR spectroscopy, 
MR sequences, and algorithms applied to the normal and 
altered functions and evaluation of fluid flow and enzyme 
abnormalities—will enable us better to understand and diag- 
nose many of the complex diseases that alter these fluid and 
tissue characteristics in the childhood brain. Pediatric neuro- 
radiology demands a solid basic understanding and knowl- 
edge of normal embryology, physiology, and the developing 
anatomy of the child’s CNS, and of the alterations caused by 
diseases and deformity together with their clinical and patho- 
logic characteristics. A full early and continuing experience 
with these technologies toward imaging of such abnormali- 
ties, be they directed toward the skull, spine, brain, and cord 
and their vessels and coverings in concert or singularly, is 
possible only by concentration of patient referrals to major 
full-time practitioners of pediatric neuroradiology. A signifi- 
cant present and future need exists therefore for continued 
growth and encouragement of present centers of such expe- 
rience and expertise in pediatric hospitals or units and for 
pediatric neuroradiology as part of a total clinical and labora- 
tory neuroscience unit. Standard radiographs and even 
angiography often appear to defer to more sophisticated CT 
and MR studies. The regrettable neglect in obtaining both 
unenhanced and enhanced CT scans, and the reluctance to 
use direct coronal CT (in complex midline abnormalities), 
often leads to an underuse of the full diagnostic capabilities 
of CT. Depiction of surface anatomy of the cord with MR 
often cannot match that possible with CT contrast myelogra- 
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Fig. 17.—Three-dimensional MR image, with com- 
puted sectioning viewed from in front, shows extensive 
hypothalamic glioma (arrows) extending to left into 
basal ganglia. 


phy, except in the sagittal view, as long as the CT study is 
performed with care and expertise; however, CT contrast 
myelography is undeniably associated with more morbidity. 

There is still an urgent need for continued expert and safe 
selective catheter angiography in infants and children. Many 
consider MR angiography still unable, at least in the near 
future, to replace all such studies. Pediatric therapeutic neu- 
roangiography is, in select centers worldwide, now an estab- 
lished, safe, and effective procedure for even the smallest 
infant and can show the most complex vascular abnormali- 
ties. 

MR techniques for studying the flow of CSF and diffusion/ 
perfusion parameters and the emerging echoplanar tech- 
niques, be they directed to speed, anatomic detail, interstitial 
fluid flow, and the hydrology of hydrocephalus, for example, 
will have a profound impact on the evaluation of childhood 
CNS diseases. MR and precise three-dimensional MR imag- 
ing (Fig. 17) make anatomy and spatial representation of 
abnormalities worth the proverbial 1000 words. Emerging 
new techniques of magnetic source imaging associated with 
MR promise considerable advancement in the understand- 
ing of physiology and anatomic mapping of the developing 
brain and seizures. Their effectiveness, together with tech- 
niques applied to function—MR spectroscopy, magnetic 
source imaging, SPECT, and positron emission tomogra- 
phy—all have their basis in a clear understanding and imag- 
ing of the anatomy and disease processes of the brain in 
children, that is pediatric neuroradiology. 


Epilogue 


What of the present and the future? The growing strength 
and significance of pediatric neurosurgery demands a con- 
comitant expertise and dedication by pediatric neuroradiol- 
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ogy in all its facets. Pediatric neuroradiology is a major part 
of a pediatric diagnostic imaging department in a hospital, 
and is a part of a section of neuroradiology in a general hos- 
pital that has specialists in pediatric neurosciences and that 
treats neonates. It must continue as such a significant com- 
ponent, yet as a particular persuasion. Such concentration 
of manpower, experience, and teaching is essential to main- 
tain its excellence. The present explosion of knowledge and 
the sophistication of detection of genetic and biochemical 
diseases relative to the child’s CNS are often overwhelming. 
Diagnostic imaging must keep pace and, when necessary, 
take a leadership role. 

A pediatric neuroradiology specialist needs to establish a 
continuing major commitment therein to accommodate the 
enlarging body of knowledge and increasing technical exper- 
tise required. Pediatric neuroradiology, in its formal training, 
publications (e.g., see the March/April 1992 issue of AJNR), 
and acknowledgment of and participation in major profes- 
sional societies worldwide and within pediatric radiology and 
neuroradiology, is now significant. The body of knowledge 
now accumulated and the relatively large number of its prac- 
titioners have now led to the formation of formal scientific 
groups and professional associations within pediatric radiol- 
ogy and neuroradiology. 

In pediatric neuroradiology it is the artistry of images and 
the clinical theater of the mind that are paramount. To an 
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increasing number of our younger colleagues, it is becoming 
a fascinating profession, if not a lifelong persuasion. 
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Disseminated Histoplasmosis 
in AIDS: Findings on Chest Radiographs 


OBJECTIVE. Our objective was to determine the findings of disseminated histo- 
plasmosis on chest radiographs of patients with AIDS. 

MATERIALS AND METHODS. Chest radiographs of 50 AIDS patients with docu- 
mented extrapulmonary histoplasmosis were analyzed retrospectively. The radio- 
graphs were evaluated for the presence of parenchymal opacities, pleural effusions, 
adenopathy, cavitation, and calcified granulomas and lymph nodes. A modification of 
the International Labour Office scheme was used to classify parenchymal abnormali- 
ties as nodular, linear or irregular, reticulonodular, or air-space opacities. 

RESULTS. Abnormalities were present on radiographs in 23 patients. Nodular 
opacities were present in 10 patients and were diffusely distributed in nine patients. 
Linear or irregular opacities were present in seven patients, with diffuse distribution 
in four and limited involvement in three. Air-space opacities were present in seven 
patients; the distribution varied from segmental to diffuse involvement of the lung. 
Small pleural effusions were present in five patients. Adenopathy and Kerley’s B lines 
were each present in three patients. In 27 patients, the chest radiographs were nor- 
mal. Four of these patients had clinical or microbiological evidence of lung 
involvement. 

CONCLUSION. The chest radiographic findings of disseminated histoplasmosis in 
AIDS patients are varied and nonspecific. The presence of diffuse nodular or linear/ 
irregular opacities in an AIDS patient, especially one who resides in or has resided in 
an endemic area, should suggest the possibility of disseminated histoplasmosis. 
Normal findings on chest radiographs do not exclude disseminated infection or lung 
involvement. 
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Patients with AIDS have a severe defect in cell-mediated immunity that predis- 
poses them to fungal infections. In regions endemic for Histoplasma capsulatum, 
these patients are at risk for histoplasmosis [1]. 

Histoplasmosis in AIDS patients was first reported in 1983 [2]. Since then it has 
become an important infection in patients with AIDS. Although most cases are 
encountered in areas endemic for the organism, sporadic cases outside endemic 
regions have been reported [3, 4]. Because of the profound defect in cell-medi- 
ated immunity, most patients have disseminated disease [1, 5]. In 1985, the Cen- 
ters for Disease Control revised the case definition of AIDS to include persons 
with extrapulmonary histoplasmosis and serologic evidence of infection with HIV 
[6]. Previous reports of histoplasmosis in patients with AIDS have concentrated on 
the clinical presentation, microbiologic and serologic diagnosis, and therapy. We 
describe the findings on chest radiographs of a series of AIDS patients with dis- 
seminated histoplasmosis. 
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Materials and Methods 


Eighty-five patients with AIDS and histoplasmosis were seen at 
our institution between January 1983 and January 1992. The diag- 
nosis of histoplasmosis was based on the culture of H. capsulatum 
from tissue or bodily fluid or the detection of H. capsulatum polysac- 
charide antigen in blood, urine, or other bodily fluid. The records of 
these patients were retrospectively reviewed. Thirty-five patients 
were excluded from the study. Nine patients had incomplete clinical 
or radiographic records. Two patients were infants (<1 year old) and 
differed greatly in age from the remainder of the group. In 10 
patients, the diagnosis was based only on a positive Histoplasma 
antigen test. Because the extent of the infection was difficult to 
determine in this group, these patients were excluded. Eleven 
patients had concurrent pulmonary infection by Pneumocystis cari- 
nii, and their records were not reviewed further. Three patients with 
pulmonary histoplasmosis were excluded because dissemination 
could not be documented. The remaining 50 cases with dissemi- 
nated histoplasmosis made up the study group. 

The group consisted of 48 men and two women 22-60 years old 
(mean, 35 years). All 50 had disseminated histoplasmosis as indi- 
cated by culture of H. capsulatum from extrapulmonary tissue or 
bodily fluid. The organism was detected in blood in 44 patients, 
bone marrow in 25 patients, extrathoracic lymph node in six 
patients, urine in three patients, rectal mucosa in three patients, 
liver in one patient, and brain in one patient. The patients were 
divided into two groups as determined by the presence (27 patients) 
or absence (23 patients) of lung involvement. Patients were classi- 
fied as having lung involvement if they met any of the following crite- 
ria: culture of H. capsulatum from the lung (24 patients), presence of 
Clinically significant pulmonary signs and symptoms such as cough 
or dyspnea (19 patients), presence of hypoxia (11 patients), or pres- 
ence of parenchymal disease on chest radiographs (24 patients). 
Calcified granulomas or lymph nodes were not considered to repre- 
sent evidence of lung involvement. 

AIDS had been previously diagnosed in 11 patients in the study 
group. HIV infection had been previously established in 26 patients 
and was first diagnosed at the time of presentation in 13. In 39 
patients (78%), disseminated histoplasmosis was the defining ill- 
ness for AIDS. Risk factors for AIDS included homosexuality in 30 
patients, IV drug abuse in three patients, homosexuality and IV drug 
abuse in four patients, hemophilia in one patient, previous blood 
transfusions in one patient, heterosexual partner with AIDS in one 
patient, and unknown in 10 patients. 

Posteroanterior and lateral (46) and portable (four) chest radio- 
graphs obtained at presentation were reviewed. Subsequent radio- 
graphs obtained during therapy were also examined to assess 
clearing of abnormalities and to detect the development of addi- 
tional findings. The chest radiographs were reviewed by two observ- 
ers, and a conclusion was reached by consensus. The radiographs 
were reviewed to determine the anatomic distribution and pattern of 
parenchymal disease as well as the presence of other findings, 
such as calcified granulomas and lymph nodes, adenopathy, pleural 
effusion, and cavitation. 

Parenchymal abnormalities were characterized according to a 
scheme described by McLoud et al. [7]. This scheme is a modifica- 
tion of the International Labour Office (ILO) system in which the 
parenchymal opacities are classified as nodular, linear or irregular, 
reticulonodular, or “ground glass.” The ILO classification of small 
nodular (p, q, r) and small linear or irregular (s, t, u) opacities was 
retained in this scheme. The modified scheme includes the designa- 
tion of reticulonodular opacities, which are defined as small rounded 
opacities with linear markings emanating from them. Another cate- 
gory, ground glass, refers to air-space opacities visible on chest 
radiographs. These opacities range from a fine hazy pattern that 
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does not obscure normal markings to dense consolidation with 
associated air bronchograms. Nodular opacities were classified 
according to their diameters: p = <1.5 mm, q = 1.5-3.0 mm, r = 3.0- 
10 mm. Linear or irregular opacities were classified according to 
thickness: s = fine, t = medium, u = coarse. When nodular, linear, or 
irregular opacities were present, the study radiographs were com- 
pared directly with ILO standard radiographs. The reticulonodular 
opacities were classified as x, y, and z and corresponded to the nod- 
ular sizes used in the p, q, and r categories. The air-space opacities 
were characterized as diffuse, lobar, segmental, perihilar, periph- 
eral, diffuse patchy, and other. The distribution of the opacities was 
assessed for each of six zones (right upper, right middle, right lower, 
left upper, left middle, left lower). The severity or profusion of the 
opacities was assessed according to four categories: 0 = normal, 
1 = slight, 2 = moderate, and 3 = advanced. 


Results 


The chest radiographs of the 23 patients with documented 
extrapulmonary dissemination and no evidence of lung 
involvement were normal. Abnormalities were present in 23 
of 27 patients who had evidence of lung involvement. 

Nodular opacities were present in 10 patients and were 
the most commonly encountered parenchymal abnormality 
(Fig. 1). The nodular opacities varied in diameter: five were 
1.5 mm or smaller, four were 1.5-3.0 mm, and one was 
larger than 3.0 mm. The nodular opacities were diffusely dis- 
tributed in all six zones in nine patients and were confined to 
two zones in one patient. The severity of the changes was 
classified as slight in three patients, moderate in four, and 
advanced in three. 

Small linear or irregular opacities were found in seven 
patients (Fig. 2). They were graded as fine to medium in 
four, medium in one, and coarse in two. The opacities were 
diffusely distributed in all six zones in four patients. In three 
patients, the distribution was more limited: to two, three, and 
four zones each. The patient with medium-thickness irregu- 
lar opacities involving the right three lung zones also had 
ipsilateral perihilar air-space opacities. The severity of the 
changes was rated slight in five patients and moderate in 
two. 

Seven patients had air-space opacities (Fig. 3). In three 
patients, the opacities were confined to one zone, with either 
segmental (two) or lobar (one) involvement. One patient had 
right-sided perihilar air-space opacities as well as ipsilateral 
medium-thickness irregular opacities. Multiple areas of 
patchy air-space opacities were seen in one patient. Two 
patients had diffuse air-space opacities involving all zones of 
the lungs. In the two cases with diffuse air-space opacities, 
the opacities took on a nodular appearance as the patients’ 
conditions improved during antifungal therapy. The severity 
of the opacities was rated as slight in one patient, moderate 
in three, and advanced in three. 

Small pleural effusions were present in five patients. The 
largest was associated with air-space opacity in the right 
lower lobe. The remainder were very small and were associ- 
ated with nodular opacities in one patient and irregular opac- 
ities in three patients. Kerley’s B lines were present in three 
patients (Fig. 4). They were associated with nodular opaci- 
ties in two patients and with irregular opacities in one. These 
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Fig. 1.—Previously healthy 39-year- 
old man with fever and dyspnea was 
found to be infected with HIV. AIDS 
was diagnosed after Histoplasma was 
cultured from lung and blood. Colli- 
mated chest radiograph of the right 
upper lobe shows multiple 1-2 mm 
nodules that were distributed diffusely 
throughout both lungs. 


Fig. 2.—Patient known to have 
AIDS had fever and dyspnea. Histo- 
plasma capsulatum was identified on 
transbronchial biopsy. Collimated 
chest radiograph of right upper lobe 
shows moderately severe coarse lin- 
ear/irregular opacities, which were 
present in all six lung zones. 


lines were associated with a pleural effusion in one case, but 
not in the other two. Clinical indications of congestive heart 
failure or fluid overload were not present. 

Adenopathy was present in three cases: left hilar in one 
patient and right paratracheal in two. The lymph nodes were 
mildly enlarged. In one case, the adenopathy predated the 
histoplasmosis and was thought to be unrelated. In the other 
two cases, the lymph nodes became smaller after antifungal 
therapy. Two cases were associated with nodular opacities 
and one with irregular opacities. 





Fig. 3.—Patient known to have HIV infection had fever, cough, and 
dyspnea. Posteroanterior chest radiograph shows air-space consolida- 
tion involving right middle lobe and cardiac enlargement due to left ven- 
tricular hypertrophy. Lavage fluid from right middle lobe of lung and 
blood were positive for Histoplasma. 
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Four patients with pulmonary involvement had normal 
chest radiographs. Two patients had normal chest radio- 
graphs and arterial blood gas measurements, but because 
they were dyspneic, bronchoscopy was performed; exami- 
nation of transbronchial biopsy specimens showed Histo- 
plasma. Another hypoxic patient with cough and dyspnea 
had Histoplasma organisms in transbronchial biopsy speci- 
mens obtained by bronchoscopy. The fourth patient had 
cough and dyspnea and was hypoxic. Infectious organisms 
were not identified in bronchoscopic biopsy specimens, but 
blood cultures were positive for Histoplasma. The cough, 
dyspnea, and hypoxia resolved with antifungal therapy. 

The clinical presentation did not differ among patients with 
the various types of parenchymal abnormalities. Of patients 
with nodular opacities, three were asymptomatic, four had 
pulmonary symptoms but were not hypoxic, and three had 
symptoms and hypoxia. One patient with linear or irregular 
opacities was asymptomatic; two had only pulmonary signs 
or symptoms, one had hypoxia alone, and two had both pul- 
monary signs and symptoms and hypoxia. Air-space opaci- 
ties were present in one asymptomatic patient, in two 
patients with only pulmonary signs and symptoms, in one 
patient with only hypoxia, and in two patients with hypoxia 
and pulmonary signs and symptoms. The patient with right- 
sided medium-thickness irregular opacities and ipsilateral 
perihilar air-space disease was hypoxic. In three patients, 
radiographic findings progressed after diagnosis and institu- 
tion of antifungal therapy. In two, nodular opacities pro- 
gressed to a diffuse pattern of air-space opacities (Fig. 5). 
These patients died despite appropriate antifungal therapy. 
In another patient, diffuse irregular opacities progressed to a 
pattern of diffuse air-space opacities. This patient, however, 
recovered, with resolution of the parenchymal opacities after 
therapy. All of the other patients in the study recovered from 
their infections. 

Of the 27 patients with lung involvement, follow-up chest 
radiographs were available in 21. Of the 19 that survived 
their illness, the parenchymal opacities resolved; no residual 
findings remained after therapy. 
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Fig. 4.—39-year-old man with disseminated histoplasmosis and newly 
diagnosed AIDS. Clinically, no evidence of fluid overload or heart failure 
was found. Collimated chest radiograph view of base of right lung shows 
nodular opacities with associated Kerley’s B lines. 


Calcified lymph nodes or granulomas or both were 
present in 18 of the 50 patients. Calcified granulomas were 
noted in six patients with lung involvement and in seven 
patients without lung involvement. Calcified lymph nodes 
were detected in six patients with lung involvement and in 
nine patients without lung involvement. 


Discussion 


In our series, evidence of parenchymal disease was 
present on chest radiographs in 23 (46%) of 50 AIDS 
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patients with disseminated histoplasmosis. This is similar to 
that reported in other series [1, 5, 8], in which “infiltrates” 
were seen in 48-56% of patients. In previously reported 
cases [1, 3-5], the description of the parenchymal changes 
seen has varied; the wide range of terms used to describe 
the findings includes diffuse, interstitial, and reticulonodular 
infiltrates. Nightingale et al. [8] classified the pulmonary 
opacities as nodular, reticulonodular, and apical. In our 
series, we evaluated the radiographic findings by using a 
standard scheme that allowed a well-defined characteriza- 
tion of the findings. 

Nodular opacities were the most common type of paren- 
chymal abnormality; they were found in 10 (20%) of 50 
patients. The size of the nodules varied, but in all but one 
case they were 3.0 mm or smaller. In all but one patient the 
nodules were diffusely distributed throughout the lung. This 
pattern is seen in approximately 35% of non-AIDS patients 
with disseminated histoplasmosis [2]. A similar pattern has 
been reported in AIDS patients who are infected with Crypto- 
coccus and Mycobacterium tuberculosis [9, 10]. This pat- 
tern, however, is not usually seen in infections caused by P. 
carinii, Mycobacterium avium-intracellulare, or cytomegalo- 
virus [9-11]. Opacities with a linear or irregular appearance 
were the second most common type of parenchymal abnor- 
mality. This pattern was diffuse in its distribution in four of 
seven cases in which it was present. In our series, none of 
the patients had reticulonodular opacities. 

The nodular and linear or irregular opacities that had a dif- 
fuse distribution most likely correspond to the diffuse, inter- 
stitial, and reticulonodular infiltrates described in earlier 
reports [1, 3-5, 8]. In our series, these opacities were 
present in 34% of cases. In previous reports [1, 5, 8], the 
corresponding infiltrates were seen in 33-53% of cases. 





Fig. 5.—34-year-old man known to have HIV infection had cough and dyspnea, which had gradually worsened over previous 2 months. 
A, Initial chest radiograph shows diffuse nodular opacities. Disseminated histoplasmosis was diagnosed and antifungal therapy was begun. 
B, Radiograph obtained 2 days after A shows progression to diffuse air-space opacities. 
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We found focal air-space opacities in five (10%) of 50 
patients, and these were the only type of opacity in four 
cases. In previous studies [1, 5, 8] of disseminated histo- 
plasmosis in AIDS patients, localized air-space disease 
occurred in 0-15% of cases. This contrasts with acute pul- 
monary histoplasmosis in immunocompetent hosts, in which 
focal air-space opacity is seen in approximately 75% of 
cases [2]. The two cases with diffuse air-space opacities 
took on a nodular appearance as the patients’ conditions 
improved during antifungal therapy. This pattern of clearing 
raises the possibility that these cases actually represented 
advanced cases of the nodular pattern of lung opacity. An 
alternative explanation is that the development of the nodu- 
lar pattern merely is due to the manner in which the air- 
space opacities responded to therapy. 

The three patterns of parenchymal opacities had similar 
clinical presentations. None of the patterns appear to have a 
worse prognosis than the others. Progression of the paren- 
chymal disease after institution of antifungal therapy does, 
however, appear to be an adverse prognostic finding. Two of 
the three patients that had radiographic progression of 
parenchymal opacities died. All patients who did not have 
worsening of radiographic findings recovered. 


The different parenchymal patterns seen with dissemi- l 


nated histoplasmosis may be explained by the pathologic 
findings that have been reported for non-AIDS immunocom- 
promised patients with disseminated histoplasmosis [12]. In 
these cases, the primary abnormality in the lung was infiltra- 
tion of the interstitial tissues with infected macrophages. The 
interstitial tissues were thickened by the macrophages, 
which may be the cause of the linear/irregular opacities that 
were seen in this study. In other cases, macrophages were 
seen to extend into the alveolus, which may account for the 
nodular opacities that we encountered in our cases. The 
nodular densities are not due to granuloma formation, as 
these were rarely encountered. The cases of focal air-space 
disease in our series probably represent progressive pneu- 
monitis at the site of the primary infection. 

Pleural effusions were uncommon, occurring in only five 
patients (10%). Pleural effusions were infrequent in earlier 
series; in the study by Nightingale et al. [8], only one (3%) of 
33 patients had a small pleural effusion. Two other series [1, 
5] with a total of 120 patients did not report any cases of 
pleural effusion. The infrequent occurrence of this finding is 
similar to that seen in immunocompetent hosts with acute 
histoplasmosis and in non-AIDS cases of disseminated his- 
toplasmoasis [2]. 

Adenopathy was uncommon, occurring in only three 
cases (6%). In one case it was probably unrelated to the fun- 
gal infection; the adenopathy predated the diagnosis of his- 
toplasmosis and did not resolve with therapy. Earlier series 
[i, 5, 8] also found that adenopathy was uncommon; it 
occurred in less than 5% of patients. This infrequent occur- 
rence is similar to that seen in non-AIDS cases of dissemi- 
nated histoplasmosis, but it contrasts with that seen in acute 
pulmonary histoplasmosis, in which adenopathy is present in 
80% of cases [2]. 
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Kerley’s B lines were detected in three patients in our 
series. This type of parenchymal opacity has not been 
described in earlier reports. Although Kerley’s B lines may 
indicate interstitial edema, the patients with this finding did 
not have any signs or symptoms of congestive heart failure 
or fluid overload. The lines probably reflect the interstitial 
nature of the infection, which is due to the hematogenous 
dissemination of the organism. 

Calcified lymph nodes or granulomas were found in 18 
(36%) of 50 patients. This exceeds the 2.8-3.2% reported in 
earlier series [1, 5]. The rate may have been higher in our 
study because all our patients lived in an area endemic for 
histoplasmosis. Most residents in this region eventually have 
histoplasmosis, which often leaves them with residual calci- 
fied lymph nodes and granulomas. 

In our series, the chest radiographs were normal in 27 
patients, four with lung involvement and 23 without. Our 
observed frequency of 54% normal chest radiographs in 
cases of disseminated histoplasmosis is similar to the 43- 
48% reported in earlier series [1, 5, 8]. Thus, a normal chest 
radiograph does not exclude the presence of disseminated 
histoplasmosis. Additionally, lung involvement may be 
present. despite normal chest radiographs, as was seen in 
four patients in our series. 
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Book Review 


Clinical Imaging. An Atlas of Differential Diagnosis, 2nd ed. By Ronald L. Eisenberg. Gaithersburg, MD: Aspen, 


1152 pp., 1992. $165 


The aim of this book, as stated in the preface, is to provide “a 
handy reference for practicing radiologists and residents faced with 
the increasingly complex daily challenge of interpreting radiographic 
examinations.” The book focuses on pattern recognition, presenting 
lists of differential diagnoses with descriptions of imaging findings, 
differential points, and radiologic illustrations. 

Like the first edition of Clinical Imaging published in 1988, the 
second edition contains chapters on chest, cardiovascular, gas- 
trointestinal, genitourinary, skeletal, spine, and skull patterns. Addi- 
tions include chapters on breast disease and mammography and on 
fetal sonography. The first six chapters, particularly the ones on the 
gastrointestinal system and the spine, are almost identical to those 
in the first edition. Two new patterns have been added to the chapter 
on the genitourinary system, and three new patterns have been 
added to the chapter on the chest. The chapter on the skeletal sys- 
tem contains one new pattern and a new list titled “Eponyms of 
Fractures.” A separate brief section on echocardiography has been 
added to the chapter on the cardiovascular system. In the chapter 
on the skull, 11 new lists discuss brain abnormalities shown on MR 
imaging. In addition, four other lists have been expanded to include 
findings on both CT and MR imaging. The new chapter on breast 
disease and mammography includes four lists and contains 21 
pages. The new chapter on fetal sonography includes four lists and 
contains 17 pages. 

The book presents a wide range of radiologic patterns and an 
extensive table of differential diagnoses for each pattern. Diagnoses 


are listed in order of likelihood rather than alphabetically or ran- 
domly. The text is clear, concise, and well organized. The printing 
and paper are of high quality, and the numerous illustrations are uni- 
formly excellent. 

Clinical Imaging, according to the preface to the first edition, can 
assist “both the practicing radiologist faced with the reality of daily 
film reading and the senior resident taking the oral board examina- 
tion.” For those who do not own the first edition of this useful refer- 
ence, the second edition would be a wise purchase. However, for 
those who do own the first edition, the second edition offers only lim- 
ited new information, which may not be worth the $165 cover price. 

Similar books offering tables of differential diagnoses and critical 
bits of information include Radiology Review Manual, by Wolfgang 
Dahnert (Baltimore, Williams & Wilkins, 1990), and Aids to Radiolog- 
ical Differential Diagnosis, 2nd ed., by Stephen Chapman and Rich- 
ard Nakielny(Philadelphia, Bailliere Tindall, 1990). Radiology 
Review Manual contains 583 pages and costs $62. Aids to Radio- 
logical Differential Diagnosis is a pocket-sized book of approxi- 
mately 566 pages at a price of $27.95. Although both these books 
contain line drawings, neither includes radiologic illustrations. 
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Diagnostic Success of 
Bronchoscopic Biopsy in 
Immunocompromised Patients 
with Acute Pulmonary Disease: 
Predictive Value of Disease Distribution 
as Shown on CT 


OBJECTIVE. The purpose of the study was to determine if the distribution of pul- 
monary opacities on CT scans could be used to predict the outcome of bron- 
choscopic biopsy procedures in immunocompromised non-AIDS patients with acute 
pulmonary complications. 

MATERIALS AND METHODS. Thirty-three consecutive immunocompromised 
patients without AIDS who had acute pulmonary complications and who had had CT, 
bronchoscopic biopsy procedures, and proved diagnoses were included in the study. 
The distribution and dominant pattern of pulmonary opacities on CT were assessed 
independently by two observers. The pathologic diagnoses were invasive aspergillo- 
sis (eight), Candida pneumonia (six), bronchiolitis obliterans with or without organiz- 
ing pneumonia (six), drug-induced lung disease (four), Pneumocystis carinii 
pneumonia (four), cytomegalovirus pneumonia (three), pulmonary hemorrhage (one), 
and recurrent lymphoma (one). 

RESULTS. The results of bronchoscopic techniques established a specific diagno- 
sis in 17 patients (52%). In the remaining 16 patients, results of bronchoscopic biopsy 
could not be used to establish a specific diagnosis; open lung biopsy (15 patients) or 
transthoracic needle biopsy (one patient) were required for diagnosis. The results of 
bronchoscopic procedures were diagnostic more often in patients in whom pulmo- 
nary opacities involved the central third of the lung than in patients in whom the cen- 
tral third was spared (70% vs 23%, p = .02). Results were diagnostic more often in 
cases in which the causes of acute pulmonary complications were infectious than in 
cases in which the causes were noninfectious (71% vs 17%, p < .005). 

CONCLUSION. We conclude that the presence or absence of central disease as 
shown by CT can be used to suggest whether results of bronchoscopic procedures 
in immunocompromised non-AlDS patients will be diagnostic. 
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Acute pulmonary complications are the leading cause of morbidity and mortality 
in immunocompromised patients [1-4]. These complications are a difficult clinical 
problem because the various infectious and noninfectious diseases or abnormali- 
ties often have nonspecific clinical, laboratory, and chest radiographic features. 
Prompt investigation and diagnosis are essential, as early therapy improves sur- 
vival [5]. 

The common pulmonary complications and diagnostic approaches are signifi- 
cantly different in AIDS patients than in immunocompromised patients without 
AIDS. In most clinical protocols, immunocompromised non-AIDS patients sus- 
pected of having acute pulmonary complications are treated empirically for bacte- 
rial infections. If a patient does not respond, invasive procedures such as 
bronchoalveolar lavage, bronchoscopic biopsy, open lung biopsy, and transtho- 
racic needle aspiration biopsy are used to establish a specific diagnosis. Trans- 
thoracic needle aspiration biopsy is most appropriate for focal cavitating or 
nodular lesions, diffuse disease usually requires bronchoscopic or open lung 
biopsy [6]. Bronchoscopic biopsy is safer than open lung biopsy, but the results 
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are diagnostic in fewer cases, ranging from 8% to 68% [6- 
11]. If the results of bronchoscopic biopsy do not indicate the 
diagnosis, patients often have open lung biopsy. If we could 
predict when the results of bronchoscopic biopsy would not 
be diagnostic, the time, risk, complications, and cost of this 
procedure could be avoided. 

The aim of this study was to determine if the distribution of 
disease seen on CT scans could be used to predict when 
the results of bronchoscopic biopsy procedures would be 
diagnostic in immunocompromised non-AIDS patients with 
acute pulmonary disease. 


Materials and Methods 


The records of 33 consecutive immunocompromised patients 
without AIDS who had acute pulmonary complications and who had 
CT scans obtained before bronchoscopic procedures were retro- 
spectively reviewed. The eligibility criteria were (1) the occurrence 
of an acute pulmonary complication, (2) CT examination within 7 
days of bronchoscopic biopsy procedure, (3) bronchoscopic biopsy 
performed according to a standardized routine, and (4) establish- 
ment of a specific pathologic diagnosis based on findings from bron- 
choscopic biopsy. At our institution, a CT examination is performed 
routinely before biopsy procedures, regardless of findings on chest 
radiographs in immunocompromised non-AIDS patients, in order to 
localize the most representative region of abnormal lung. Acute pul- 
monary complications were defined as the recent onset (<10 days’ 
duration) of pulmonary symptoms and clinical signs. 

The study group consisted of 20 men and 13 women 17~62 years 
old (mean, 34 years). The causes of the immunocompromise were 
bone marrow transplantation less than 1 year previously (14), bone 
marrow transplantation with graft-vs-host disease (six), chemother- 
apy for hematologic malignancy (10), and renal transplant rejection 
requiring immunosuppressant therapy (three). All bronchoscopic 
procedures were performed in a standardized fashion by experi- 
enced bronchoscopists. The types of procedures were bronchoalve- 
olar lavage only in 22 patients and bronchoalveolar lavage and 
transbronchial biopsy in 11. Transbronchial biopsies were not per- 
formed in patients with thrombocytopenia or in those on mechanical 
ventilation. 

The results of bronchoscopic biopsy procedures indicated a spe- 
cific diagnosis (i.e., were diagnostic) in 17 (52%) of 33 patients. In 
the remainder, the diagnosis was subsequently established by open 
lung biopsy in 15 and by transthoracic needle aspiration biopsy in 
one. The final diagnoses were invasive aspergillosis (eight), Can- 
dida pneumonia (six), bronchiolitis obliterans with or without orga- 
nizing pneumonia (six), Pneumocystis carinii pneumonia (four), 
drug-induced lung disease (four), cytomegalovirus infection (three), 
pulmonary hemorrhage (one), and recurrent lymphoma (one). In all 
cases, the clinical features and response to therapy were consistent 
with the final diagnosis. 

CT scans were obtained with a GE 9800 system (GE Medical 
Systems, Milwaukee, WI). A 10-mm collimation at 10-mm intervals 
was used for nine patients, and 1.5-mm collimation at 10-mm inter- 
vals for 24 patients. A high-spatial-frequency reconstruction algo- 
rithm was used in 29 patients. Retrospective targeting of the 1.5- 
mm collimation scans with a 20- to 25-cm field of view was done in 
10 patients. The CT scans were photographed at mediastinal (level, 
30-50 H; width, 350-500 H) and lung parenchymal (level, -600 to 
-800 H; width, 1000-2000 H) settings. 

The median interval between CT and the bronchoscopic proce- 
dure was 2 days (range, 0-7 days). The information from the CT 
scans was used to select a representative area of abnormal lung for 
the bronchoscopic procedure. 
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The CT scans were reviewed independently by two observers 
who were unaware of the clinical and pathologic data. The CT scans 
were assessed for the presence and distribution of air-space con- 
solidation, ground-glass opacity, nodular opacities, and irregular lin- 
ear opacities. Ground-glass opacity was defined as an area of 
abnormal lung opacity that did not obscure visualization of the pul- 
monary vascular structures. The distribution of disease was classi- 
fied as involving or sparing the medial third of the lung in both the 
transverse and cephalocaudal planes. Pulmonary opacities that 
involved this region were classified as having a central distribution 
whether they were focal or diffuse. Pulmonary opacities located 
entirely outside of the medial third of the lung or with only minimal 
involvement of the medial third (10% or less of the pulmonary opac- 
ities within the central third) were classified as peripheral. 

The diagnostic success rates of bronchoscopic biopsy proce- 
dures in patients with and without CT evidence of central pulmonary 
opacities were compared by using the y?-test of significance, with 
Yates’ correction for continuity. 


Results 


Twenty of 33 patients had central distribution of opacities, 
and 13 of 33 had peripheral opacities (Table 1). All patients 
had bilateral pulmonary disease. In assessments of central 
(Fig. 1) vs peripheral (Fig. 2) opacities, the two independent 
observers agreed in 32 (97%) of 33 cases. In the one case 


TABLE 1: Diagnostic Success of Bronchoscopic Procedures 
by Disease and Distribution in Immunocompromised Patients 
Without AIDS with Pulmonary Complications 





Distribution of Pulmonary Findings 














Disease Central j fs: Peripheral 
No. of Success -No.of Success 
Patients Rate(%) Patients Rate (%) 

Invasive 

aspergillosis 4 100 4 25 
Candida 

pneumonia 4 100 2 50 
Pneumocystis 

carinii 

pneumonia 3 67 1 0 
Drug-induced 

lung disease 3 0 1 0 
Cytomegalovirus 

pneumonia 3 100 0 0 
Bronchiolitis 

obliterans 0 0 3 0 
Bronchiolitis 

obliterans 

organizing 

pneumonia 1 0 2 50 
Pulmonary 

hemorrhage 1 100 0 0 
Recurrent 

lymphoma 1 0 0 0 

Total 20 70 13 23 





4 Pulmonary opacities involving the medial one third of the lung, whether 
focal or diffuse, were classified as central. Pulmonary opacities located 
entirely outside the medial third or with only minimal involvement of the medial 
third (10% or less of the abnormalities within this region) were classified as 
peripheral. 
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Fig. 1.—CT scan at level of carina in a 27-year-old bone marrow trans- 
plant recipient shows air-space consolidation, most severe in left upper 
lobe, involving central third of lung. Results of bronchoalveolar lavage in- 
dicated Candida albicans infection. 





Fig. 2.—CT scan at level of left atrium in a 41-year-old patient receiving 
chemotherapy for acute myelogenous leukemia shows bilateral air-space 
consolidation mainly in peripheral lung regions. Only minimal ground- 
glass opacities are present in medial aspect of right middle lobe. Results 
of bronchoalveolar lavage and transbronchial biopsy did not indicate a 
diagnosis. Open lung biopsy showed invasive aspergillosis. 


of disagreement, a consensus opinion was reached after 
discussion of the CT findings. 

A dominant CT pattern of ground-glass opacity was 
observed in 11 patients; bronchoscopic procedures were 
diagnostic in four (50%) of eight patients with a central distri- 
bution and in none of three patients with a peripheral distri- 
bution. Twelve patients had a dominant nodular CT pattern; 
bronchoscopic biopsy procedures were diagnostic in six 
(75%) of eight patients with a central distribution and in one 
(25%) of four patients with a peripheral distribution. A domi- 
nant CT pattern of consolidation was observed in seven 
patients; bronchoscopic procedures were diagnostic in all 
(100%) of four patients with a central distribution and in one 
(33%) of three patients with a peripheral distribution of opac- 
ities. Three patients had a dominant CT pattern of irregular 
linear opacities in a peripheral distribution; bronchoscopic 
procedures were diagnostic in one patient. The descriptions 


PREDICTIVE VALUE OF PULMONARY OPACITIES ON CT 23 


of the dominant pattern of pulmonary opacity by the two 
observers agreed in all cases. 

The results of bronchoscopic biopsy were diagnostic more 
often in patients with central opacities than in those with 
peripheral opacities (70% vs 23%, p = .02). Central opacities 
were associated with diagnostic bronchoscopic procedures 
in the subgroups of patients with dominant CT patterns of 
ground-glass opacities, nodular opacities, and consolidation, 
although the small number of observations in these sub- 
groups precluded statistical significance. 

The prevalences of infectious diseases were similar in the 
groups with central and peripheral opacities (70% vs 54%, p 
> .10). Among patients with infectious causes (n = 21), 
results of bronchoscopic procedures were diagnostic more 
often in those with central opacities than in those with 
peripheral opacities (93% vs 29%, p < .0001). Among 
patients with noninfectious causes (n = 12), no differences 
were found between those with central opacities and those 
with peripheral opacities; results were diagnostic in 17% of 
cases in both groups. The results of bronchoscopic proce- 
dures were diagnostic more often in patients with complica- 
tions caused by infection than in those with complications 
caused by noninfectious pulmonary diseases (71% vs 17%, 
p < .005). 


Discussion 


Overall, the results of bronchoscopic procedures were 
diagnostic in 52% of cases, which is similar to that of previ- 
ously published series [5-12]. The diagnostic success of 
bronchoscopic biopsy depends on a variety of factors, 
including type and number of biopsies, amount of biopsy tis- 
sue obtained, and the specific lung disease being assessed. 
Results are generally diagnostic in patients with bacterial 
and viral infections [6, 10]. Bronchoscopic biopsy is moder- 
ately sensitive and specific in the diagnosis of Pneumocystis 
carinii pneumonia and cryptococcal, fungal, and nocardial 
infections [11]. We found a strong association between the 
cause of the pulmonary complication (infectious vs noninfec- 
tious) and whether the results of bronchoscopic biopsy were 
diagnostic. In patients with central pulmonary opacities, the 
results were diagnostic only in the subgroup with infectious 
causes; in the subgroup with noninfectious causes, the 
results were not often diagnostic regardless of the distribu- 
tion of pulmonary opacities on CT. Among the causes of 
noninfectious pulmonary complications, drug reactions, 
graft-vs-host disease, and radiation pneumonitis can rarely 
be specifically diagnosed on the basis of bronchoscopic find- 
ings. The cause is not known before biopsy and therefore 
cannot be used to guide the selection of biopsy procedure. 

Technical factors such as number of biopsies and type of 
biopsy (bronchoalveolar lavage, brush biopsy, transbron- 
chial forceps biopsy) also influence whether the results are 
diagnostic [6-8]. Bronchoalveolar lavage is the least inva- 
sive form of biopsy and is safer than transbronchial biopsy in 
patients with thrombocytopenia or who are on mechanical 
ventilation. Bronchoalveolar lavage is most useful for detect- 
ing organisms in the bronchoalveolar air spaces; however it 
may be difficult to distinguish infection from colonization [9]. 
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Transbronchial biopsy provides small tissue samples suit- 
able for histologic examination, but is associated with higher 
risks of pneumothorax (7-11%) and hemorrhage (8-17%) 
than lavage is [12, 13]. The type and number of biopsies are 
determined by clinical judgment; three to six biopsies from at 
least two lung segments are usually recommended [6, 7]. 

The association between disease distribution as shown by 
CT and the diagnostic success of bronchoscopic procedures 
in immunocompromised non-AIDS patients has not been 
previously evaluated. Feldman et al. [14] reported that the 
results of transbronchial lung biopsy were diagnostic in 84% 
of patients with diffuse infiltrates and in 43% of patients with 
localized disease as shown by chest radiography. CT is 
superior to chest radiography in depicting the location of pul- 
monary disease because of decreased superimposition of 
structures. This advantage of CT over chest radiography 
allows more accurate localization of disease and more accu- 
rate prediction of the success of bronchoscopic biopsy in 
chronic diffuse lung disease [15]. 

In our series, the results of bronchoscopic biopsies were 
most often diagnostic in patients in whom CT scans showed 
central opacities. This association was not due to any known 
confounding variable, as no significant difference was 
detected in the prevalences of infectious complications 
between those with central opacities and those with periph- 
eral opacities. 

Our results are most applicable to the subgroup of immu- 
nocompromised patients without AIDS who have acute pul- 
monary complications that are refractory to empiric therapy 
and require invasive biopsy procedures. This subgroup rep- 
resents a biased selection from the larger population of 
immunocompromised non-AIDS patients, as the diseases 
that can be empirically managed, such as pulmonary edema 
and bacterial infections, are underrepresented. It is not 
appropriate to generalize our results to the entire spectrum 
of immunocompromised non-AIDS patients with acute pul- 
monary complications, as our study addresses the clinically 
relevant subgroup for whom the decision regarding type of 
biopsy procedure needs to be made. 

CT is being used increasingly in immunocompromised 
patients with acute pulmonary complications to characterize 
pulmonary infiltrates and to guide biopsy procedures [3, 16]. 
Our results indicate that the location of disease as shown by 
CT can be used to predict if the results of bronchoscopic 
procedures will be diagnostic. This information, integrated 
with the clinical information, is relevant to the selection of 
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biopsy procedure. CT examination of immunocompromised 
patients with acute pulmonary complications may result in 
more rapid and efficient investigation, which is especially 
significant in those patients whose condition is rapidly 
deteriorating. 
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Left Paracardiac Mass Caused by 
Dilated Pericardiacophrenic Vein: 
Report of Four Cases 


OBJECTIVE. The pericardiacophrenic vein is a possible route of collateral circula- 
tion when either the superior or the inferior vena cava is obstructed. When the vein is 
dilated, it can cause an abnormal appearance on chest radiographs. We describe four 
such patients. 

MATERIALS AND METHODS. We studied four patients who had abnormalities on 
conventional chest radiographs due to a grossly dilated pericardiacophrenic vein, 
confirmed by means of venacavography, CT, or MR imaging. We analyzed the cause 
of the dilatation and the radiologic findings associated with the dilated pericardia- 
cophrenic vein. 

RESULTS. The cause of the dilated pericardiacophrenic vein was the membranous 
obstruction of the inferior vena cava in all four patients. Chest radiographs revealed 
an undulating vascular shadow (in two cases) or a shadow of several masses (in one 
case) along the left border of the heart or a poorly defined haziness mimicking a pul- 
monary parenchymal infiltrate (in one case). A direct communication between the left 
hepatic vein and the left inferior phrenic vein was seen near their insertion into the 
inferior vena cava in three cases. Hepatic venous outflow and some of the systemic 
venous return were directed to this left inferior phrenic—pericardiacophrenic route. 

CONCLUSION. When obstruction of the inferior vena cava is Clinically suspected 
and the chest radiograph shows abnormalities at the left paracardiac area, a dilated 
pericardiacophrenic vein due to obstruction in the suprahepatic portion of the infe- 
rior vena cava, most likely a membrane, should be considered in the differential 
diagnosis. 
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The pericardiacophrenic vein, a tributary of the left brachiocephalic vein, has 
diaphragmatic branches that anastomose with the inferior phrenic vein. Therefore, 
it can serve as a collateral pathway when either the superior or the inferior vena 
cava is obstructed [1, 2]. We report four patients in whom a dilated pericardia- 
cophrenic vein caused a paracardiac mass on chest radiographs. All four were 
proved to have membranous obstruction in the suprahepatic portion of the inferior 
vena cava. 


Materials and Methods 


Review of the past 10 years’ radiology files at Seoul National University Hospital revealed 
four patients with a dilated pericardiacophrenic vein shown on a chest radiograph. The diag- 
nosis was confirmed by means of venacavography, CT, or MR imaging in all four patients. 

Venacavography was performed in two of the four patients. CT images were obtained in 
all four patients on CT/T 9800 or 8800 scanners (GE Medical Systems, Milwaukee, WI) with 
bolus injection of contrast medium. MR imaging was performed in one patient with a 2.0-T 
superconducting system (Spectro-20000; Gold Star, Seoul, Korea). 

We analyzed the cause of the dilatation and the radiologic findings associated with the 
dilated pericardiacophrenic vein. 
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Fig. 1.—Typical radiographic findings and collateral pathway of dilated pericardiacophrenic vein in 41-year-old woman with membranous obstruction 


of inferior vena cava. 


A, Chest radiograph shows an undulating vascular shadow at left lower border of heart (arrows) and two parallel contours of left upper border of heart 


(arrowheads). Azygos vein also is distended. 


B, Venacavogram shows complete obstruction of inferior vena cava by membrane (arrowheads). Right hepatic outflow is directed to left hepatic vein 
via an intrahepatic collateral (open arrow). Direct communication (black arrow) of left hepatic vein and left inferior phrenic vein (solid white arrows) is 


visible near insertion site into inferior vena cava. 


C, On delayed venacavogram, an entangled vascular mass at left cardiophrenic angle is well visualized. 
D-F, Sequential CT scans show intrathoracic course of left pericardiacophrenic vein (arrow). It originates from left cardiophrenic angle (D), ascends 
along left border of heart (E and F), and finally drains into left innominate vein. 


Results 


The cause of the dilated pericardiacophrenic vein was the 
membranous obstruction of the inferior vena cava, with 
blocking of the hepatic venous outflow in all four cases. 

An undulating vascular shadow along the left border of the 
heart was seen on chest radiographs in two patients (Fig. 
1A). When the vein was markedly dilated, it simulated a 
pleural effusion or mediastinal masses (Fig. 2A). In one 
patient, the vein mimicked a pulmonary parenchymal infil- 
trate (Fig. 3A). A dilated azygos vein was seen in three 
patients (Figs. 1A and 3A). 

CT and MR images revealed a vascular mass in the left 
cardiophrenic angle, the anastomotic site between the peri- 
cardiacophrenic vein and the inferior phrenic vein (Figs. 1- 
3). When traced upward, the vein passed along the lateral 
border of the left ventricle, the conus arteriosus, the 


aorticopulmonary window, and the aortic arch before drain- 
ing into the left innominate vein (Fig. 1). 

The collateral pathway was shown in three patients by 
venacavography or MR imaging (Figs. 1 and 3). A direct 
communication between the left hepatic vein and the left 
inferior phrenic vein was seen near their insertion into the 
inferior vena cava. The hepatic venous outflow was directed 
to the dilated left inferior phrenic vein, which anastomosed 
with the left pericardiacophrenic vein (Fig. 1). In the remain- 
ing patient, CT showed the obstruction of the hepatic seg- 
ment of the inferior vena cava and the markedly dilated 
inferior phrenic vein. Despite the obstruction of the inferior 
vena cava, the azygos vein was relatively small in diameter, 
and other collaterals were not evident. Some of the systemic 
venous return seemed to be directed to the inferior phrenic— 
pericardiacophrenic route via transhepatic collaterals 
(Fig. 2). 
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Fig. 2.—Manifestation of markedly dilated pericardiacophrenic vein as left paracardiac masses in 58-year-old man with membranous obstruction of 
inferior vena cava. 

A, Chest radiograph shows round extrapulmonary masses along left border of heart and upper mediastinum. 

8, CT scan reveals markedly dilated inferior phrenic vein (arrow) and a tortuous vascular mass at cardiophrenic angle. Azygos vein is relatively small 
in diameter compared with that in other patients with dilated pericardiacophrenic vein. 

C, More caudal CT scan shows luminal obliteration and calcification of inferior vena cava (arrow). Hepatic veins are not visualized because of poor 
contrast enhancement. 
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Fig. 3.—Varix at left cardiophrenic angle 
mimicking pulmonary parenchymal infiltrate in 
50-year-old woman with membranous obstruc- 
tion of inferior vena cava. 

A, Chest radiograph reveals poorly defined 
haziness at left cardiophrenic angle (arrow) and 
distended azygos vein (arrowheads). 

B-D, Sequential axial MR images (750/30, 
ECG-gated) at level of diaphragm show conflu- 
ence of hepatic veins (solid arrow in B), direct 
communication with inferior phrenic vein (solid 
arrows in C), and formation of entangled vascu- 
lar mass around cardiac apex (solid arrow in D). 
Azygos vein aiso is grossly dilated. Intrahepat- 
ic segment of inferior vena cava is not identi- 
fied, and only a focal fat collection is shown at 
that site (open arrows). 
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Fig. 4.—Schematic drawing of collateral pathway via a pericardia- 
cophrenic vein in our cases of membranous obstruction of inferior vena 
cava. LBCV = left brachiocephalic vein, RHV = right hepatic vein, THC = 
transhepatic collateral, LHV = left hepatic vein, IPV = inferior phrenic vein, 
IVC = inferior vena cava, dotted lines = potential collateral pathways via 
inferior hepatic vein or IPV draining into left renal vein. í 


Discussion 


The pericardiacophrenic vein drains the pericardium, 
pleura, and diaphragm and ascends along the left border of 
the heart with the accompanying phrenic nerve between the 
mediastinal pleura and the pericardium [3]. It drains into 
either the internal mammary vein or the left superior inter- 
costal vein, or directly into the left brachiocephalic vein [4]. It 
could be the collateral pathway when either the superior or 
the inferior vena cava is obstructed. However, it has seldom 
been reported as a major route of collateral circulation in 
vena caval obstruction except in membranous obstruction of 
the inferior vena cava [2]. All four of our patients with a 
dilated pericardiacophrenic vein had membranous obstruc- 
tion of the inferior vena cava. 

In cases of vena caval obstruction, many routes of collat- 
eral circulation exist, such as the azygos or hemiazygos sys- 
tem, internal mammary chain, portosystemic collaterals, and 
superficial collaterals of the abdominal wall. The site of 
obstruction appears to determine the collateral pathway. 
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Simson [2] described a few patients with membranous 
obstruction of the inferior vena cava in whom the inferior 
phrenic vein was patent below the obstruction and the peri- 
cardiacophrenic veins were tortuous and varicose. In our 
patients, the ostia of the inferior phrenic vein were 
obstructed. According to Bennette et al. [5], the left inferior 
phrenic vein has its origin above the diaphragm near the 
apex of the heart and terminates in the left side of the left 
hepatic vein in 74% of cases. That is, the ostia of the inferior 
phrenic vein and the left hepatic vein are near each other. 
Persistent communication of the two veins at the insertion 
site could occur during the process of vena cava and hepatic 
outflow obstruction. Direct communication of the left hepatic 
vein and the left inferior phrenic vein near where they insert 
into the inferior vena cava was clearly shown in three of our 
patients by venacavography or MR imaging. The flow in the 
left inferior phrenic vein is reversed, and systemic venous 
return also can be directed to the inferior phrenic vein via 
transhepatic collaterals (Fig. 4). 

The radiologic importance of the pericardiacophrenic vein 
has been mentioned only with respect to the risk of inadvert- 
ent catheterization and possible perforation [1]. However, a 
grossly dilated pericardiacophrenic vein can cause various 
abnormal findings on chest radiographs. A correct diagnosis 
of membranous obstruction of the inferior vena cava can 
lead to curative treatment with surgery or percutaneous 
transluminal angioplasty [6, 7]. The undulating vascular 
shadow along the left border of the heart, accompanied by 
the distended azygos vein, suggests the diagnosis of 
obstruction in the suprahepatic portion of the inferior vena 
cava, most likely by a membrane. In one of our cases, we 
suggested the correct diagnosis after reviewing a chest 
radiograph without any clinical information. The patient was 
treated successfully with percutaneous transluminal angio- 
plasty. When obstruction of the inferior vena cava is clinically 
suspected and the chest radiograph shows abnormalities at 
the left border of the heart or at the cardiophrenic angle, a 
dilated pericardiacophrenic vein should be considered in the 
differential diagnosis. 
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Perspective 


Value of Fluoroscopy in Patients with Suspected Bilateral 


Hemidiaphragmatic Paralysis 


lan Y. Ch’en! and John D. Armstrong II 


Bilateral hemidiaphragmatic paralysis (BHP) is an impor- 
tant clinical problem in hospitals where cardiac surgery is 
commonly performed. Often overlooked as a cause of 
hypercapnic respiratory failure, BHP can lead to substantial 
difficulty in patients’ treatment and morbidity. In addition to 
hypothermic phrenic nerve injury associated with “ice chip” 
cardioplegia, causes of BHP include malignant mediastinal 
tumors and numerous neurologic disorders (e.g., Chiari mal- 
formation, multiple sclerosis, and paraneoplastic neuritis) [1, 
2]. The radiographic appearance of BHP typically consists of 
diaphragmatic elevation, volume loss, and bibasilar linear 
opacities probably caused by platelike atelectasis [2]. Cur- 
rently, nonimaging procedures (spirometry, transdiaphrag- 
matic pressure measurement, and phrenic nerve stim- 
ulation) are regarded as diagnostically important, while fluo- 
roscopic examination is condemned for diagnostic inaccu- 
racy in both the radiologic and general medicine literature 
[1-3]. This article discusses normal and BHP-related respi- 
ratory mechanics and advocates a systematic fluoroscopic 
approach for evaluation of BHP. In so doing, it challenges 
the traditional bias against the use of fluoroscopy for assess- 
ment of this disorder. 


Mechanics of Respiration 


Normally during quiet breathing, the dome-shaped dia- 
phragm (and to a lesser extent the external intercostal mus- 
cles) contracts to lift the rib cage and push down the 
abnormal viscera; this action produces the negative intratho- 
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racic pressure gradient required for inspiration. Quiet expira- 
tion occurs after passive elastic recoil of the lung and 
thoracic wall with relaxation of the diaphragm. In normal 
deep, or voluntary, inspiration, the accessory muscles of 
inspiration (e.g., sternocleidomastoid, scalene) actively con- 
tract to augment maximal diaphragmatic contraction to fur- 
ther expand the chest cage. Similarly, forced expiration is 
augmented by active contraction of expiratory muscles (pre- 
dominantly the anterior abdominal wall musculature includ- 
ing rectus abdominis, internal and external oblique, and 
transversus abdominis) to force the relaxing diaphragm 
upward into the chest owing to elevation of intraabdominal 
pressure. An important observation throughout these pro- 
cesses is that the direction of diaphragmatic and anterior 
abdominal wall movement is always linked to the transdia- 
phragmatic pressure gradient. Thus, any cephalic movement 
of abdominal contents (e.g., during normal exhalation) will 
be associated with an upward movement of the diaphragm 
and inward abdominal wall movement, while descent of 
abdominal contents (e.g., during normal inhalation) will lead 
to reciprocal downward movement of the diaphragm and 
outward abdominal wall movement. 

In the setting of BHP, the diaphragm behaves passively 
like an elastic membrane between the thoracic and abdomi- 
nal compartments. During inspiration, negative intrathoracic 
pressure is generated solely by the active contraction of 
external intercostal and accessory inspiratory musculature. 
Such thoracoabdominal pressure difference leads to upward 
excursion of the paralyzed diaphragm accompanied by 
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upward movement of the abdominal viscera and inward 
movement of the anterior abdominal wall. This phenomenon, 
the so-called thoracoabdominal paradox, characterized by 
outward chest wall and inward abdominal wall motion during 
inspiration, is the most important clinical sign of BHP. It is 
accentuated when the patient is recumbent because of the 
more cephalic resting position of abdominal viscera and 
hemidiaphragms, as well as less mechanical support for out- 
ward abdominal wall movement, particularly if the patient is 
supine. Paradoxical diaphragmatic excursion can be shown 
unequivocally on fluoroscopic examination. 

Besides thoracoabdominal paradox, some patients com- 
pensate for BHP by adopting an unusual breathing pattern in 
the upright position. This is characterized by active exhala- 
tion to a lung gas volume below the usual resting volume 
with subsequent passive inspiration. By actively increasing 
intraabdominal pressure with expiratory muscle contraction, 
abdominal contents and the flaccid hemidiaphragms are ele- 
vated into the thorax during the expiratory phase of breath- 
ing. Then, abdominal wall relaxation with passive inspiration 
causes concomitant descent of both the diaphragm and the 
abdominal viscera toward the abdomen. This compensatory 
mechanism presents a confusing fluoroscopic picture be- 
cause passive diaphragmatic descent during inspiration 
mimics normal diaphragmatic contraction. Fortunately, fluo- 
roscopic examination with the patient recumbent can over- 
come this interpretative pitfall. 


Fluoroscopic Evaluation 


A systematic and thorough fluoroscopic evaluation for 
BHP should be made with the patient in both the supine and 
lateral decubitus (or oblique) positions. Fluoroscopy with the 
patient in the lateral decubitus (or oblique) position allows 
simultaneous visualization of both hemidiaphragms, each in 
its entirety. Further, the increase in muscular tension on the 
dependent hemidiaphragm (owing to cephalic displacement 
of the abdominal viscera) improves muscle length-tension 
properties so that dependent hemidiaphragmatic motion, 
normal or abnormal, will be identified more easily [4]. Supine 
positioning accentuates paradoxical diaphragmatic and tho- 
racoabdominal motion, and more importantly, minimizes the 
aforementioned compensatory breathing pattern in BHP, 
which may otherwise lead to false-negative diagnosis. 

The comfort and cooperation of patients can be substan- 
tially improved during fluoroscopy by verbal reassurance, 
expeditious examination, and the use of supplemental oxy- 
gen (nasal cannula or mask). Initially, quiet breathing is 
assessed to determine the timing of potential diaphragmatic 
motion. The fluoroscopist gently palpates the patient's abdo- 
men to detect abdominal muscle contraction, define the 
phase of respiration, and detect thoracoabdominal paradox. 
in ventilator-dependent patients, fluoroscopic observation is 
focused on each hemidiaphragm during quiet breathing and 
during deep breathing attempts, after disconnection from the 
ventilator for defined brief periods (e.g., 15-sec periods of 
observation of each hemidiaphragm repeated one or more 
times as necessary). The potential for rapid lowering of 
intrathoracic pressure with “sniffing” improves the detection 
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of subtle paradoxical excursion or restriction of diaphrag- 
matic movement during unassisted respiration. 

Contrary to a widely held notion, sniff-induced paradoxical 
diaphragmatic excursion during fluoroscopy is not equivalent 
to functional abnormality. Of 776 healthy subjects examined 
by Alexander [5], 6% had paradoxical excursion of either 
hemidiaphragm when the “sniff test” was performed in the 
anteroposterior position. The majority of these subjects 
exhibited paradoxical motion involving only the anterior 
hemidiaphragm (owing to partial eventration), with normal 
excursion of the posterior portion. Fluoroscopic examination 
in the lateral (or oblique) projection can thus avoid a false- 
positive outcome. 

The two forms of demonstrable diaphragmatic excursion 
in BHP are paradoxical movement of both hemidiaphragms 
and apparent “normal” bilateral downward inspiratory and 
upward expiratory hemidiaphragmatic excursions. As stated 
earlier, paradoxical movement of the diaphragm appears as 
upward inspiratory excursion and is appreciated more 
readily when recumbent. Downward expiratory diaphrag- 
matic movement occurs during relaxation of intercostal and 
accessory inspiratory muscles. 

A potential fluoroscopic misinterpretation is the illusion of 
normal downward inspiratory diaphragmatic motion despite 
the presence of paradoxical excursion. This appearance is 
due to upward inspiratory movement of the chest wall, which 
overshadows paradoxical diaphragmatic movement and 
closely resembles normal active diaphragmatic contraction. 
The observer notes that the anterior ribs move cephalad and 
the hemidiaphragms appear to move downward. Significant 
interpretative error is avoided by comparison of diaphrag- 
matic motion with some fixed extrathoracic object. If the fluo- 
roscope is vertically locked in a position where the he- 
midiaphragm being examined projects just above the lower 
horizontal cone at the end of the patient’s exhalation, then 
one may concentrate on hemidiaphragmatic excursion as 
related to the edge of the cone (and not on upward rib move- 
ment). In this way, true diaphragmatic paradox in BHP is 
detected. 

On fluoroscopy, compensatory active exhalation and pas- 
sive inspiration in BHP can mislead the observer because 
the direction of diaphragmatic movement is congruent with 
the normal breathing cycle. This adaptive mechanism tends 
to occur when the patient is in the upright position and is 
minimized if the patient is recumbent (e.g., supine). With 
supine positioning, the anterior abdominal wall flattens, 
abdominal contents and hemidiaphragms move passively 
into the thorax, and resting lung gas volumes decrease sig- 
nificantly. This breathing pattern thus becomes ineffective 
with the patient recumbent owing to further reduction in 
(already decreased) vital capacity; the patient may become 
acutely uncomfortable and perhaps panicky. Consequently, 
fluoroscopic confirmation that each hemidiaphragm exhibits 
paradoxical or no motion on attempted inspiration supports 
the diagnosis of BHP. 


Conclusions 


Contrary to popular belief, diaphragmatic fluoroscopy can 
be effectively used to evaluate BHP. Unfortunately, its 
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usefulness for this purpose is disregarded by many radiolo- 
gists and clinicians because it traditionally has been per- 
formed inadequately. With fundamental knowledge of 
respiratory mechanics, the proposed systematic fluoroscopic 
evaluation of each hemidiaphragm with the patient recum- 
bent will minimize interpretative pitfalls in BHP. Conse- 
quently, the simplicity and accuracy of fluoroscopy may 
establish this widely available technique as a diagnostically 
important procedure for assessment of BHP. A prospective 
study designed to systematically evaluate the use of fluoros- 
copy in suspected cases of BHP would contribute to our 
understanding. 
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Medicine in American Art 
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Blistered Feet 


Stefan C. Schatzki ! 


George Catlin’s paintings constituted the first in-depth pictorial 
record of the American Plains Indians. Catlin, a self-taught artist, 
traveled extensively among the Native American tribes west of the 
Mississippi in the years 1830-1837. A previous article in this series 
[AJR 1991;157:110] discussed Catlin’s early career. 

In 1837, Catlin started the second part of his extraordinary career 
and began to show and tell others about what he alone had seen. 
He gathered his paintings and his multiple artifacts, including cos- 
tumes, pipes, weapons, baskets, and so on, and inaugurated the 
era of Catlin’s Indian Gallery. Catlin was a showman and his exhibi- 
tion, which began in Albany, NY, and subsequently traveled to New 
York City, Washington, Philadelphia, and Boston, excited the public. 
At each location, huge numbers crowded in to see and hear about a 
wild west that they dimly knew. Two years later, as audiences began 
to dwindle, Catlin sailed to England with his Indian Gallery. He 
would not return to the United States for 31 years. 

At first, his exhibition was a huge success in Europe. Starting in 
London and other cities in England, he later moved to Paris. His 
Indian Gallery amazed and delighted spectators and he became a 
celebrity. He met Queen Victoria and King Louis Philippe of France, 
who invited him to exhibit his paintings at the Louvre. In 1840, Catlin 
added visiting members of the lowa and Ogibwa tribes to his show, 
enabling Europeans to see live reenactments of parts of the various 
Native American cultures. Catlin also began to paint again, produc- 
ing over 100 additional works, including portraits of the visiting 
Native Americans as well as scenes of their life, produced from his 
earlier sketches done in the West. 

It was during this period, in England, not in the American West, 
that Catlin painted the striking portrait reproduced here. This paint- 
ing of Blistered Feet, in which the medicine man wears a medallion 
of George III, is one of Catlin’s finest and most powerful portraits, 
and it attracted the attention of the French critic Charles Baudelaire. 

While in London, Catlin published a book based on field notes 
from his earlier travels in the West. The book, which has been 
reprinted many times, is still used by anthropologists to study the 
early Native American cultures. Nonetheless, Catlin’s audiences 
began to diminish, and he fell heavily in debt. His gallery, since 
renamed Catlin’s Indian Collection, was in danger of being seized 
by European creditors. In 1852, a wealthy American, Joseph Harri- 
son, paid off Catlin’s debts and took possession of the collection, 
shipping it back to Philadelphia for storage. 

Catlin was now 56, penniless, and deaf. His life’s work was gone. 
However, “with no other means on earth than my hands and my 
brush,” Catlin’s resourcefulness returned. Before leaving Europe, 
utilizing his sketches and primarily from memory, he re-created 
much of his Indian Gallery. He traveled to the West Coast of North 
America and again began to paint Native Americans in their own 
surroundings. When he finally returned to New York in 1870, he had 
a new collection of paintings, which he called Catlin’s Cartoon Col- 
lection. 

Joseph Henry, the first secretary of the Smithsonian Institution, 
invited Catlin to exhibit the Cartoon Collection at the Smithsonian. 
He gave Catlin a room in one of the towers of the building, where he 


lived and continued to paint until he contracted his final illness in 
1872. He died in Jersey City, NJ, on December 23, 1872. Although 
he had produced hundreds of new paintings, he continued to be 
concerned to the end about the original collection that had been 
taken from him in Europe in 1852. Almost the last words he spoke 
were “What will happen to my gallery?” 

Catlin’s original Indian Gallery was donated to the Smithsonian in 
1879. Many of the ethnological specimens had been ruined and 
many of the paintings damaged. They were first exhibited at the 
Smithsonian in 1883. Soon after the turn of the century, most of the 
paintings were again put in storage. 

Interest in Catlin’s work revived after World War Il. In 1953, some 
of his paintings again toured Western Europe. In 1965, a greater 
part of the collection was exhibited at the National Collection of Fine 
Arts in Washington, DC, where many of Catlin’s pictures can now be 
seen regularly. 





George Catlin (1794-1872), Se-Ton-Ti-Yah, Blistered Feet, a Medicine Man 
of the lowa Tribe, 1844. Oil on canvas, 28 x 23 in. National Gallery of Art, 
Washington, DC. Paul Mellon collection. 
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Case Report 





Subclavian Vein Thrombosis Detected with Spiral CT 
and Three-dimensional Reconstruction 


Richard Tella,’ Elizabeth Scholz, J. Paul Finn, and Philip Costello 


Volumetric CT [1], or spiral CT, has been successfully 
used to examine thoracic blood vessels such as the pulmo- 
nary arteries for emboli [2], to image the heart after bypass 
graft surgery [3], and to assess for aortic vascular disease 
[4]. The use of spiral CT to examine venous structures in the 
thorax and upper limbs has not, to our knowledge, been pre- 
viously described. 

Full assessment for potential thrombus in the superior 
vena cava or a major tributary in a patient in whom malig- 
nant tumors are of primary concern would normally require 
not only contrast-enhanced thoracic CT but bilateral upper 
extremity phlebography. Such an approach would entail the 
use of large amounts of iodinated contrast media and multi- 
ple departmental resources. We report a case in which we 
used spiral CT with three-dimensional reconstruction to gen- 
erate phlebographic images of subclavian vein thrombosis. 


Case Report 


A 54-year-old woman with a 45 pack-year smoking history had 
progressive pain in the left shoulder and edema in the left arm and 
face for 2 weeks. Posteroanterior and lateral radiographs showed 
hilar fullness. A request was made for upper extremity phlebo- 
graphic and thoracic CT assessment. To avoid the need for two 
examinations, the spiral CT technique was modified to gain informa- 
tion regarding the venous structures of interest. 

The patient was positioned on a fourth-generation CT scanner 
(Somatom Plus-S; Siemens Medical Systems, Erlangen, Germany) 
with the arms lying along the body, rather than extending above the 
head, in order to maintain the upper extremities within the imaging 


volume. In addition, IV access was established into both arms, the 
left at the forearm and the right at the wrist, with a 20-gauge angio- 
catheter. Initial assessment was performed with simultaneous injec- 
tion of Renografin-60 (diatrizoate meglumine; Squibb, Princeton, 
NJ) from a Mark IV injector (Medrad, Pittsburgh, PA) into both arms 
via a Y adapter at 3 ml/sec for 6 sec (18 ml). After a 10-sec delay, 
single-level dynamic multiscanning was performed at the level of the 
pulmonary arterial root by using an 8-mm-thick image and standard 
thoracic algorithms, with data acquisition for 32 sec. Images were 
reconstructed at 1-sec intervals, and indicator dilution curve analy- 
sis with the vendor-supplied gamma variate analysis software 
showed arrival of contrast material at the pulmonary root 16 sec 
after initiation of the test injection. A second study used the spiral 
technique from the apex to the base of the lungs. An 8 mm/sec table 
feed was used, and 8-mm-thick image slices were obtained for 32 
sec with the standard acquisition and standard reconstruction algo- 
rithms. Renografin-60 was administered via the power injector and 
Y adapter after a 16-sec delay at 1.7 ml/sec for 50:sec (82 ml). 

Images were then reconstructed at 2-mm intervals; thresholding 
to visualize the opacified veins was chosen at 150 H, and three- 
dimensional reconstruction was performed. Three-dimensional 
viewing software provided by the manufacturer was used, and the 
best images were selected for clinical analysis. 

An axial image of the upper thorax (Fig. 1A) showed the right 
subclavian vein with contrast material in it, whereas the left subcla- 
vian vein terminated in a soft-tissue mass with additional collateral 
vessels seen around the left humerus and along the anterior chest 
wail. Closer inspection of the area of the left subclavian vein showed 
that the contrast material terminated in a meniscal filling defect, 
which subsequent MR angiography showed to be a thrombus with a 
mass encasing the vessel. This was later proved to be adeno- 
carcinoma. 
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Fig. 1.—A, Axial spiral CT scan of upper lung shows opacified right subclavian vein and no opacification of left subclavian vein with thrombus (arrow) 


and surrounding mass. 


B, Three-dimensional phiebogram from a right cephalic viewing position shows tapering of left brachial vein with collaterals (arrow). 
C, Three-dimensional phlebogram from a left posterior cephalic viewing position shows tapering of left brachial vein with collaterals. 


Figures 1B and 1C show three-dimensional reconstructions of 
the opacified venous structures in this patient, or the equivalent of 
three-dimensional phlebograms. These images show that flow from 
the right brachial vein continues into the right subclavian vein and 
then into the superior vena cava; on the left side, the brachial vein 
tapers with a beaded appearance, and anterior chest wall collaterals 
are seen anterior to the left humerus without flow in the left subcla- 
vian vein or beyond. 


Discussion 


This case highlights the use of volumetric or spiral CT to 
facilitate the solution of a complex problem that would nor- 
mally require multiple examinations, or for patients who 
might not be eligible for MR angiographic examination. By 
the integration of dynamic CT techniques and rapid three- 
dimensional display of vascular structures, volumetric 
angiography and phlebography may become practical. Thus, 
volumetric CT when coupled with dynamic CT and three- 
dimensional reconstruction allows for rapid three-dimen- 
sional examination of vascular anatomy with angiogramlike 
images, and when axial images are evaluated, the surround- 


ing soft tissues also can be assessed to elucidate the cause 
of venous obstruction. 

Of note, by selectively controlling the time delay, either 
arterial or venous structures may be selectively dem- 
onstated. By using a 16-sec delay, the venous structures are 
visualized before arterial enhancement; thus, three-dimen- 
sional reconstruction elucidates venous structures selec- 
tively. If a longer time delay is used before spiral acquisition, 
then preferential arterial enhancement and arterial struc- 
tures can be shown on three-dimensional reconstruction. 
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MR Angiography of the Portal 


and Hepatic Venous Systems: 
Preliminary Experience with 
Echoplanar Imaging 





Mark A. Goldberg! OBJECTIVE. The purpose of this study was to evaluate the ability of echoplanar 
E. Kent Yucel MR angiography to depict the major hepatic and portal venous structures. 
See Sanjay Saini SUBJECTS AND METHODS. Echoplanar and conventional MR angiographic exami- 


Peter F. Hahn nations were performed in 10 subjects (seven healthy volunteers, three patients with 
John A. Kaufman focal hepatic lesions). A gradient-recalled echo (GRE) time-of-flight technique (125/10 
Mark S. Cohen [TR/TE], 90° flip angle) was used for echoplanar angiography. Eight complete single- 
excitation images were acquired at each level in 1.5 sec and then collapsed into a sin- 
gle maximal intensity projection. Conventional time-of-flight MR angiography (34/13, 
30° flip angle) also was performed. The vascular anatomy from the right atrium to the 
splenic vein was imaged (6-mm contiguous levels) in three 10.5-sec breath-holds with 
echoplanar imaging, as compared with seven 11.5-sec breath-holds with conven- 
tional MR angiography. Echoplanar and conventional images were compared quanti- 
tatively and qualitatively. 

RESULTS. Echoplanar imaging was 61% faster than conventional MR angiography. 
Vessel-to-liver signal-intensity ratios were significantly higher for echoplanar imag- 
| ing (p < .0001), signal-to-noise ratios were significantly higher for conventional MR 
| angiography (p < .0001), and contrast-to-noise ratios were comparable. Qualitatively, 
| echoplanar imaging and conventional MR angiography provided similar anatomic 

information about the hepatic and portal veins. 

CONCLUSION. Angiograms of the hepatic and portal venous systems that are of 
diagnostic quality can be acquired much more quickly with echoplanar imaging than 
with conventional MR angiography. 
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Diagnostic imaging of the hepatic vascular anatomy is essential to verify vessel 
patency, to show the relationship of masses to vessels (and therefore hepatic seg- 
ments), and to distinguish small lesions from vessels. Successful evaluation of the 
patency of the major portal veins with MR angiography has been reported in sev- 
eral series [1-5]. Conventional MR angiography of the liver is generally performed 
using gradient-recalled echo (GRE) time-of-flight techniques [1-4, 6-9]. Such 
GRE, “bright blood” techniques have been shown to augment significantly the 
information gained from spin-echo (SE) imaging in evaluation of the portal venous 
anatomy [1, 3]. 

Echoplanar imaging using the Instascan technique, as described elsewhere 
[10-12], is a single-excitation method that can acquire data for an entire image in 
approximately 40 msec. Echoplanar imaging can be used to depict T1- or T2- 

Received April 22, 1992; accepted after revision weighted contrast using SE, inversion-recovery, or GRE pulse sequences. For 
dune 28, 51008. MR angiography, the need for optimal recovery of vascular signal dictated our use 
‘All authors: Department of Radiology, Massa- of GRE echoplanar imaging. In this study, we used a newly developed GRE time- 
mm chusetts General Hospital, 32 Fruit St., Boston, MA S i ; ae 
02114. Address reprint requests to M. A. Goldberg. of-flight technique [6] to perform echoplanar MR angiography. We qualitatively 
0361—-803X/93/1601-0035 and quantitatively compared echoplanar MR angiograms with conventional GRE 
© American Roentgen Ray Society time-of-flight MR angiograms of the portal and hepatic venous anatomy. 
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Materials and Methods 
MR imaging 


We studied 10 subjects, including seven healthy volunteers and 
three patients. Informed consent was obtained from all subjects in 
accordance with the institution’s Committee on Human Studies. Of 
the three patients, one had a hemangioma and two had metastatic 
disease. All subjects were studied using a modified 1.5-T Signa 
scanner (GE Medical Systems, Milwaukee, WI). This system can be 
used for both conventional and echoplanar imaging using the 
Instascan technique (Advanced NMR Systems, Wilmington, MA) 
(10-12]. 

The principles of the echoplanar time-of-flight MR angiography 
technique are described elsewhere [6]. At a given anatomic level, 
stationary spins were first saturated with four 90° preparation 
pulses. Eight complete GRE echoplanar images were then sequen- 
tially acquired at this anatomic level by using the following experi- 
mentally optimized imaging parameters: TR = 125 msec (i.e., time 
between successive single-excitation images), TE = 10 msec, 6-mm 
slice thickness, and 90° flip angle, resulting in a total imaging time 
per level of 1.5 sec. This imaging period enabled sampling over the 
entire course of an average cardiac cycle (i.e., heart rate of 60 beats 
per minute). Each echoplanar image was acquired with a matrix 
size of 128x128, a 20x40 cm field of view (FOV), and a tracking 
superior saturation pulse. We used 56.25% k-space coverage to 
reduce TE to its minimum value. Gradient-moment nuiling [13-15] 
was not used, as the motion-related signal losses were small and 
did not justify the required increase in TE [6]. We combined the eight 
individual images into a single maximal intensity projection for each 
level to minimize the effects of temporal variation in the vascular sig- 
nal. Seven 6-mm-thick contiguous levels (no gap) were acquired in 
a single 10.5-sec breath-hold. Three such acquisitions, for a total of 
21 levels, were obtained in each subject, covering the venous anat- 
omy from the level of the right atrium to that of the splenic vein. 

For conventional time-of-flight MR angiography, we used a 
256x128 matrix and a 36-cm FOV, resulting in a pixel size compara- 
ble to that of the echoplanar image. Imaging parameters were TR = 
34 msec, mininum TE = 13 msec, one excitation, and a 30° flip 
angle. Flow compensation and a superior saturation pulse were 
used. Three 6-mm contiguous slices were acquired during each 
11.5-sec breath-hold. Seven breath-holds were necessary to cover 
the same 21 anatomic levels imaged with the echoplanar technique. 
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Both conventional and echoplanar images were acquired at end- 
expiration after coaching the patient to ensure reproducible ana- 
tomic localization from one breath-hold to the next. 


Image Analysis 


Signal intensity measurements covering operator-defined regions 
of interest were made in each of the following vessels: inferior vena 
cava; right, middle, and left hepatic veins; main, right, and left portal 
veins; splenic vein; and superior mesenteric vein. The inferior vena 
cava and hepatic veins were measured as close to their confluence 
as possible, and the right and left portal veins were measured as 
close to the bifurcation of the main portal vein as possible. Noise 
was measured as the standard deviation of the signal intensity in 
the corner of each image over a rectangular region of interest 
including 200-300 pixels. We calculated signal-to-noise ratios, ves- 
sel-to-liver signal-intensity ratios, and vessel-to-liver contrast-to- 
noise ratios for each vessel. Average signal-to-noise, signal-inten- 
sity, and contrast-to-noise ratios for each vessel, measured on the 
conventional and echoplanar images, were compared by using a 
paired two-tailed t-test. 

For qualitative comparison, four reviewers experienced in 
abdominal MR imaging independently rated the visualization of 
each of the vessels measured previously and of the following ves- 
sels: the anterior and posterior divisions of the right portal vein and 
the medial and lateral divisions of the left portal vein. Each vessel 
was rated according to the following scale: 1 = vessel not identified; 
2 = vessel equivocally identified; 3 = vessel identified, but poorly 
defined; 4 = vessel identified and moderately well defined; and 5 = 
vessel clearly defined, allowing definite evaluation of patency. We 
used the Wilcoxon signed rank test to compare the average qualita- 
tive ratings of the four reviewers for the two imaging techniques. 


Results 


Table 1 summarizes the quantitative comparison of the 
echoplanar maximal intensity projections and the conven- 
tional MR angiograms. Signal-to-noise ratios were signifi- 
cantly higher for the conventional images (p < .0001); signal- 
intensity ratios were significantly higher for the echoplanar 


TABLE 1: Echoplanar vs Conventional MR Angiography 





Contrast-to-Noise 


Signal-Intensity Signal-to-Noise 








Vessel Ratio Ratio® Ratio? 

EP Conv. EP Conv. EP Conv. 
Inferior vena cava 26.1 28.0 3.2 1.3 37.8 113.6 
Right hepatic vein 22.4 25.2 2.9 1.3 34.0 110.8 
Middle hepatic vein 20.8 26.0 2.8 1.3 32.0 110.2 
Left hepatic vein 17.5 16.7 2.6 1.2 28.6 102.6 
Main portal vein 23.6 30.7? 3.0 1.4 35.1 119.6 
Right portal vein 21.5 29.0° 2.9 1.4 32.9 118.0 
Left portal vein 19.6 25.1 2.8 1.3 30.7 113.4 
Splenic vein 14.2 27.2% 24 1.3 25.1 116.8 
Superior mesenteric 16.6 27.2° 2.6 1.3 27.0 118.1 

vein 


Note.—EP = echoplanar imaging, Conv. = conventional time-of-flight MR angiography. 
4 Values for echoplanar and conventional MR angiography were significantly different (p < .001) for all vessels 


examined. 
B p< .02. 
p< .01.. 
d p < .0005. 
e p< 001. 
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images (p < .0001); and contrast-to-noise ratios were gen- 
erally comparable, although slightly higher for the conven- 
tional images. The most pronounced differences in the con- 
trast-to-noise ratio were noted in the splenic vein (p < .0005) 
and the superior mesenteric vein (p < .001), where conven- 
tional MR angiography was superior. Statistically significant 
differences also were present in the main portal vein (p < 
.02) and the right portal vein (p < .01). The contrast-to-noise 
ratio per unit imaging time averaged for all vessels was 49% 
higher for echoplanar imaging than for conventional MR 
angiography. 

Table 2 summarizes results of the qualitative evaluation of 
echoplanar and conventional MR angiography. For echopla- 
nar imaging, an average rating of 4.0 or greater was 
reported for the inferior vena cava; the main, right, and left 
portal veins; the right and middle hepatic veins; and the 
superior mesenteric vein (Figs. 1 and 2). With conventional 
MR angiography, average ratings of 4.0 or greater were 
reported for all of those vessels plus the anterior and poste- 


TABLE 2: Qualitative Assessment of Vessel Visualization 





Echoplanar MR Conventional MR 


Vessel 


Angiography Angiography 
Inferior vena cava 5 2 (+0.9) 3 5 (+0.6) 
Main portal vein 5 (+0.6) 5 (+0.5) 
Right portal vein 6 (+0.6) 8 (+0.8) 
Anterior division 9 (+0.9) 3 (+0.8) 
Posterior division : PEAT) O (+1.0) 
Left portal vein 4.2 (+0.9) 2 (+1.0) 
Medial division 2.5 (+1.3) 5 (+1.1) 
Lateral division 2.2 (+1.1) 4 (41.1) 
Right hepatic vein 4.4 (+0.7) 5 (+0.7) 
Middle hepatic vein 4.1 (+1.0) O (+1.0) 

Left hepatic vein 3.6 (+1.3) 2 (+1.2) 

Splenic vein 3.4 (+0.9) 2 (+0.7)° 
Superior mesenteric 4.0 (+1.1) 5 (+0.8) 


vein 





Note.—Vessel visualization was rated on a scale of 1-5, where 1=vessel 
not identified and 5 = vessel clearly defined. All values are mean ratings (+SD) 
for four observers. 

a p< .05. 

Dp <.01. 


Fig. 1.—MR angiograms at level of hepatic 
venous confluence. 

A, Echoplanar MR angiogram shows hepatic 
veins and inferior vena cava to advantage. 

B, Conventional MR angiogram shows simi- 
lar findings. 
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rior divisions of the right portal vein and the splenic vein. The 
difference in average ratings for the splenic vein (3.4 for 
echoplanar imaging vs 4.2 for conventional MR angiogra- 
phy) was statistically significant (p < .01; Fig. 3). Although 
the higher rating for visualization of the left hepatic vein with 
echoplanar imaging was statistically significant (p < .05), this 
vein and the medial and lateral divisions of the left portal 
vein were relatively poorly imaged by both techniques. 

Of the three patients imaged, one had a large metastatic 
lesion in the dome of the liver, displacing and compressing 
the hepatic veins. The vascular anatomy in relation to the 
mass was shown to advantage by both techniques (Fig. 4), 
and the findings were confirmed surgically. The other two 
patients had focal hepatic lesions (one metastatic disease, 
one hemangioma), which were small and showed no appre- 
ciable effect on the hepatic vasculature on conventional or 
echoplanar MR angiograms. 


Discussion 


Angiograms of the hepatic and portal venous systems that 
are of diagnostic quality can be acquired by using echopla- 
nar imaging. In our study, echoplanar images were acquired 
in three breath-holds of 10.5 sec each. Seven breath-holds 
of comparable duration were required to image the same 
levels with conventional time-of-flight MR angiography. 
When the echoplanar imaging technique was used, a single 
level could be imaged in 1.5 sec, as compared with 3.8 sec 
for conventional MR angiography. The reduced number of 
breath-holds significantly increases patients’ comfort and tol- 
erance of the MR examination, particularly critically ill 
patients. The 10.5-sec breath-hold duration was arbitrarily 
selected to accommodate ill or less cooperative patients. 
Longer or shorter breath-holds could be tailored for each 
patient, covering a larger or smaller number of levels, 
respectively. 

Noise is predicted to be higher with the echoplanar imag- 
ing technique [6, 10], and this is accentuated by the use of 
maximal intensity projections, which maximize noise as well 
as vascular signal. 

The higher vessel-to-liver signal-intensity ratios with 
echoplanar imaging, reflecting higher vascular signal, com- 
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B 


Fig. 2.—MR angiograms at level of portal vein. 


A, Echoplanar MR angiograms clearly show main portal vein (straight solid arrow) bifurcating into right (open arrow) and left 


(curved arrow) portal veins. 


B, Conventional MR angiograms also show vascular anatomy to advantage. 


pensate for the increased noise and result in generally com- 
parable contrast-to-noise ratios. The average vessel-to-liver 
contrast-to-noise ratio per unit imaging time is 49% higher 
for echoplanar imaging than for conventional MR angiogra- 
phy. Although the differences between the contrast-to-noise 
ratios for echoplanar and conventional MR angiograms were 
statistically significant in the splenic vein, superior mesen- 
teric vein, main portal vein, and right portal vein, the vessel- 
to-liver contrast-to-noise ratios for echoplanar imaging were 
still extremely high (14.2, 16.6, 23.6, and 21.5, respectively). 
Of these four vessels, only the splenic vein received signifi- 
cantly lower qualitative ratings (p < .01) with echoplanar 





imaging. The tracking superior saturation pulse included in 
the echoplanar imaging sequence most likely contributed to 
this effect because of the slight superior-inferior orientation 
typical of the splenic vein. 

The echoplanar imaging technique appears somewhat 
less sensitive to in-plane flow, resulting in poorer visualiza- 
tion of the right portal vein divisions and splenic vein as 
judged by the reviewers (Fig. 3). The parameters used were 
experimentally optimized for imaging through-plane flow in 
the main portal vein and inferior vena cava. Potential 
modifications to improve visualization of in-plane flow might 
include the use of flow compensation, thinner slices, 


Fig. 3.—MR angiograms of splenic vein. 

A, On echoplanar MR angiogram, splenic 
vein (arrow) is not clearly defined at its conflu- 
ence with superior mesenteric vein. 

B, Conventional MR angiogram shows splen- 
ic vein (arrow) to slightly better advantage. 
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Fig. 4.—Metastatic colonic carcinoma involv- © 
ing dome of liver near hepatic venous conflu- 
ence. 

A, Conventional T2-weighted (3000/80) SE 
MR image shows metastatic lesion. 

B, T2-weighted (TR = infinite, TE = 25 msec) 
echoplanar SE MR image shows same lesion. 
Entire liver was imaged with 10-mm contiguous 
sections in a single 12-sec breath-hold. Note ab- 
sence of motion-induced phase artifacts. 

C, Echoplanar MR angiogram shows dis- 
placement of the hepatic veins (arrow) by space- 
occupying lesion. Signal from lesion and other 
stationary protons is suppressed on MR angio- 
grams. 

D, Conventional MR angiogram shows simi- 
lar changes involving middle and left hepatic 
veins (arrow). 


C 


decreased flip angles, or longer TRs. Further work in this 
area will be necessary. This report has addressed only time- 
of-flight echoplanar angiography. Other groups have investi- 
gated flow-velocity mapping by using phase-based echopla- 
nar techniques [16-18], which are less dependent on 
through-plane flow. Phase-contrast angiography can be per- 
formed with echoplanar imaging and is the subject of an 
ongoing investigation. 

A unique feature of echoplanar MR angiography is the 
temporal resolution that is achieved. Eight complete images 
are acquired at each anatomic level in 1.5 sec. Therefore 
these images typically span a complete cardiac cycle, and 
when combined into a maximal intensity projection, compen- 
sate for pulsatility effects. Whereas the normal portal venous 
system shows little pulsatility, the hepatic venous system 
shows transmitted cardiac pulsations [3, 19]. 

Hypertensive portal venous systems may have temporally 
altered flow patterns [20, 21] for which echoplanar MR 
angiography has theoretical advantages. If desired, tempo- 
ral changes at a given anatomic level could be shown by dis- 
playing each image in a cine loop instead of using a maximal 
intensity projection. 

At least two reports have suggested that time-of-flight MR 
angiography alone is insufficient to evaluate portal venous 
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anatomy. Silverman et al. [1] suggested that conventional 
time-of-flight MR angiography is a useful adjunct but cannot 
be used alone because of “poor contrast with surrounding 
tissues, difficulty in identifying vascular margins, and flow 
artifacts.” Using receiver-operating-characteristic analysis, 
Arrivé et al. [3] found no significant difference between the 
abilities of conventional SE and GRE MR angiography to 
show the patency of the portal venous system when used 
alone. However, they achieved a statistically significant 
improvement in diagnostic accuracy by combining the tech- 
niques. “Bright blood” GRE methods may show signal loss 
that could be mistaken for clot, caused by turbulence, 
streaming effects [1, 3], or slow flow [3, 22] as may occur in 
portal hypertension. On the other hand, “black blood” SE 
images may show intraluminal signal due to flow-related 
enhancement or motion artifact that could result in false-pos- 
itive interpretations [1, 3, 23-28]. 

A key advantage, therefore, of echoplanar over conven- 
tional MR angiography is that it can be combined with rapidly 
acquired T1- and T2-weighted images. With echoplanar MR 
imaging, T1- or T2-weighted contiguous images of the entire 
liver can be obtained in a single 12-sec breath-hold. If con- 
ventional time-of-flight MR angiography must be combined 
with SE acquisitions to achieve satisfactory sensitivity and 
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specificity, the total imaging time exceeds that of echoplanar 
imaging by orders of magnitude (e.g., approximately 10 min 
vs 12 sec to acquire a T2-weighted image). Thus a major 
focus of the research at our institution is evaluation of the 
potential advantages of echoplanar imaging in the detection 
and characterization of hepatic masses. Echoplanar T1- 
weighted, T2-weighted, and angiographic images could then 
be combined to develop an efficient integrated liver imaging 
protocol. 
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Recurrent Bleeding After Variceal 
Hemorrhage: Predictive Value of 
Portal Venous Duplex Sonography 


OBJECTIVE. Risk assessment of recurrent variceal bleeding is essential for thera- 
peutic decisions and is usually performed by endoscopy of the upper gastrointestinal 
tract. We studied the value of portal venous duplex sonography in predicting subse- 
quent variceal bleeding in patients with cirrhosis. 

SUBJECTS AND METHODS. Thirty patients with cirrhosis who received sclerother- 
apy because of acute variceal hemorrhage for the first time (hemorrhage group), 30 
patients with cirrhosis who had no previous hemorrhage (nonhemorrhage group), 
and 30 control subjects were examined prospectively. With the use of portal duplex 
and color Doppler sonography, flow direction, flow velocity, vein diameter, and 
response to respiration of portal vein vessels were measured and portosystemic col- 
laterals and thrombosis of portal vessels were visualized. The results of these mea- 
surements and imaging findings were combined into a Doppler sonoscore. At entry 
into the study, all patients were classified on the basis of a sonoscore as having a low 
(sonoscore, <4) or a high (sonoscore, 24) risk for subsequent hemorrhage. During a 
mean follow-up period of 2 years (range, 15-36 months), the predictive value of this 
Doppler sonoscore was studied. 

RESULTS. In the hemorrhage group, the prevalence of recurrent hemorrhage was 
40%, despite sclerotherapy, and the mortality rate was 60%. In patients with a Doppler 
sonoscore of 4 or more, the prevalence of recurrent hemorrhage was 67%, whereas in 
patients with a score less than 4, the prevalence was only 22% (p < .02). After sclero- 
therapy, endoscopic criteria showed no significant correlation with the prevalence of 
bleeding. In the nonhemorrhage group, the prevalence of variceal hemorrhage occur- 
ring was 13%, and Doppler sonographic criteria showed no significant correlation 
with the prevalence of subsequent hemorrhage. 

CONCLUSION. We conclude that Doppler sonography, performed after the first 
occurrence of variceal hemorrhage, provides useful prognostic information regard- 
ing the risk of recurrent hemorrhage. If these results are confirmed, Doppler sonogra- 
phy may be used to select the best method of treatment. 
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Hemorrhage from esophageal varices is the major life-threatening conse- 
quence of chronic liver disease. Among patients admitted because of an initial 
variceal hemorrhage, about 40% will have recurrent hemorrhages and about two 
thirds will die within 1 year after the first hemorrhagic episode [1]. To estimate the 
risk of variceal hemorrhage, varix size and color, assessed by endoscopy, has 
shown a good correlation with the risk of subsequent variceal hemorrhage [2—4]. 
In contrast, portal vein pressure does not show a close correlation with the risk of 
variceal hemorrhage [5]. Repeated sclerotherapy is the most widely used treat- 
ment for variceal hemorrhage, and most studies show a reduction in recurrent 
bleeding after sclerotherapy and at least comparable results with shunt surgery [6, 
7]. Eradication of esophageal varices by endoscopic sclerotherapy, however, 
eliminates most of the endoscopic prognostic features, and after sclerotherapy a 
reliable risk assessment of recurrent hemorrhage is difficult. A proper risk 
assessment in these patients, however, is essential as they are not likely to sur- 
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vive another severe hemorrhagic episode. Surgical or trans- 
catheter shunt placement or liver transplantation should be 
considered before hemorrhage recurs. 

Duplex and color Doppler sonographic studies allow non- 
invasive visualization of the portal venous system [8-11]. 
Flow direction, flow velocity, vein diameter, and response to 
respiration of portal vein vessels can be measured, and por- 
tosystemic collaterals and thrombosis of portal vessels can 
be visualized. However, the prognostic significance of these 
parameters is unknown. The goal of this study was to assess 
the value of portal venous duplex sonography in predicting 
subsequent variceal hemorrhage in a group of patients 
undergoing initial treatment with sclerotherapy and in a 
group of patients with cirrhosis who had no previous 
hemorrhage. 


Subjects and Methods 
Selection of Patients for Variceal Hemorrhage Group 


From January 1989 to December 1990, all patients admitted to 
the Department of Gastroenterology, Kantonsspital Aarau, because 
of upper gastrointestinal tract hemorrhage who required blood 
transfusion were eligible for this study if they met all 10 entry crite- 
tia: (1) emergency endoscopy showed esophageal varices; (2) 
varices were considered the most likely source of the hemorrhage; 
(3) the patient had no known previous hemorrhage from varices; (4) 
the patient had not previously been treated for esophageal varices 
(sclerotherapy, shunt surgery, B-blockers); (5) the patient had 
biopsy-proved liver cirrhosis, or in case of severe coagulopathy, 
clinical, biochemical, and sonographic signs and symptoms sugges- 
tive of liver cirrhosis; (6) the patient had no other disease (e.g., 
hepatocellular carcinoma) that reduced life expectancy to less than 
1 year; (7) the patient agreed to participate in the study; (8) the 
patient had not been included in an earlier stage of the study; (9) the 
patient survived the first 2 weeks after hemorrhage and was not 
comatose 2 weeks after hemorrhage; and (10) it was possible to 
perform Doppler sonography. 

Forty-two consecutive patients had had an initial significant 
variceal hemorrhage and fulfilled the first five entry criteria. Twelve 
of these were excluded: two patients had hepatocellular carcinoma, 
two refused to participate, and eight died within 2 weeks or had 
severe liver failure with coma 2 weeks after the initial hemorrhage. 
The remaining 30 patients met all 10 criteria and made up the hem- 
orrhage group. Liver cirrhosis was proved by liver biopsy in 25 
patients. In the remaining five, biopsy was contraindicated because 
of coagulopathy. However, these five had clear-cut clinical, bio- 
chemical, and sonographic signs and symptoms of cirrhosis. The 
patients received sclerotherapy (1% of intravariceal polidocanol, 
10-40 ml per treatment session) every week until the esophageal 
varices disappeared. Endoscopy was performed at 3-month 
intervals. If varices were found, they were treated again. 


Selection of Subjects for Nonhemorrhage and Control Group 


From January 1989 to December 1990, ail patients admitted to 
the Department of Gastroenterology, Kantonsspital Aarau, for liver 
biopsy were eligible for the study if they met all five entry criteria: (1) 
biopsy showed liver cirrhosis; (2) the patient had no known previous 
hemorrhage from varices and had not previously been treated for 
esophageal varices (sclerotherapy, shunt surgery, B-blockers); (3) 
the patient had no other disease (e.g., hepatocellular carcinoma) 
that reduced life expectancy to less than 1 year; (4) the patients 
agreed to participate in the study; and (5) it was possible to perform 
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Doppler sonography. Thirty-five patients fulfilled the first three entry 
criteria; however, five refused to participate. The remaining 30 
patients met all five criteria and made up the nonhemorrhage group. 

Thirty age- and sex-matched volunteers without any liver disease 
made up the control group. 


Initial Investigations 


Endoscopic examination of the upper gastrointestinal tract was 
performed in all patients with liver cirrhosis. Esophageal varices 
were assessed according to the endoscopic criteria proposed by the 
Japanese Research Society for Portal Hypertension [2]. Variceal 
size (F1-F3) and the presence of red signs (presence of red wale 
markings, cherry red or hematocystic spots) were recorded and 
Beppu's score was calculated [2]. Upon entry into the study, all 
patients in both groups were classified as being at low (20) or high 
(<0) risk for subsequent hemorrhage according to this endoscopic 
score. All patients in the hemorrhage group had emergency endos- 
copy within 12 hr after hospitalization. All results were based on the 
findings of the first endoscopic examination and were not changed, 
even if additional information was provided by subsequent 
examinations. 

At the beginning of the study, the following information was 
recorded for all patients with liver cirrhosis: average daily consump- 
tion of alcoholic beverages; degree of encephalopathy and ascites; 
number of platelets; prothrombin time; serum concentrations of bili- 
rubin, albumin, aspartate aminotransferase, alkaline phosphatase, 
albumin, and creatinine; and levels of serologic markers (antibodies 
to hepatitis B and C, mitochondria, and DNA). Patients were classi- 
fied according to the Child-Turcotte classification as modified by 
Pugh et al. [12]. Both continuous-scale (from 5 to 15) and ordinal- 
scale (grading: A = 5-6, B = 7-9, C = 10-15) scores were used. 


Duplex and Color Doppler Sonography 


In all three groups, the subjects fasted overnight, and Doppler 
sonography was performed while they were supine. Real-time sono- 
graphic equipment with a 3.75-MHz sector-array transducer with 
pulsed duplex and color Doppler capability (Toshiba SSH-160) was 
used. With this system, vessels were first detected by using real- 
time sonography and longitudinal scans; the sample volume was 
then positioned in the center of the vessel itself, and the gate was 
adjusted from 5 to 10 mm to obtain optimal Doppler waveforms. The 
Doppler waveforms were obtained in the portal vein at about the 
midpoint between the confluence of the splenic vein and superior 
mesenteric vein and the portal bifurcation; in the ascending part of 
the splenic vein in front of the tail of the pancreas; and in the supe- 
rior mesenteric vein at a distance of about 2 cm from the confluence 
with the splenic vein. The patients intermittently held their breath for 
5 sec during gentle inspiration while the waveforms were recorded. 
Maximal velocity was measured. No correction was performed to 
calculate the mean velocity. If portal or splenic vein thrombosis was 
present, velocity measurements were excluded. The Doppler wave- 
forms were also recorded after deep inspiration and during expira- 
tion, to determine the response of the vein diameter (D) to 
respiration ([100 x D at inspiration/D at expiration] - 100 in %). The 
following variables were evaluated by two observers: velocity; diam- 
eter; response to respiration; and patency of the portal vein, splenic 
vein, and superior mesenteric vein; the presence and number of 
portosystemic collaterals; and the maximal longitudinal diameter of 
the spleen. The flow measurements were made at the smallest pos- 
sible angle to minimize the error caused by large Doppler angles. 
This angle was always less than 60°. For measurement of velocity 
in the superior mesenteric vein, the Doppler angle was more than 
60° in many patients; thus, we excluded these results from analysis. 
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The diameter of the vessels was measured at the same location as 
the Doppler waveforms. The left gastric (coronary) vein, and gas- 
troesophageal, gastrorenal, splenorenal, and paraumbilical collater- 
als were visualized, if present [13]. The left gastric vein was 
considered abnormal if the diameter was 5 mm or more and the flow 
was hepatofugal. Gastroesophageal varices were considered to be 
present if a continuous low-velocity flow in the region of the gastro- 
esophageal junction was found [14]. The presence or absence of 
complete or partial portal/splenic vein thrombosis (cutoff or sudden 
amputation of the portal vein branches inside the hepatic paren- 
chyma) was carefully assessed [15, 16]. Visualization of collaterals 
and venous thrombosis was clearly facilitated by the use of color 
sonography. At the beginning of the study, various sonographic and 
Doppler parameters were combined into a Doppler sonoscore to 
assess the risk of subsequent hemorrhage (Table 1). According to 
this Doppler sonoscore, all patients were divided at the time of study 
entry into low-risk (sonoscore, <4) and high-risk (sonoscore, 24) 
subgroups. The sonographers and the patients were not aware of 
the subclassification into low- or high-risk groups. 

Before the study began, we tried to minimize interobserver varia- 
tion. The two observers met several times until a satisfactory degree 
of agreement in the interpretation was reached. The reproducibility 
of the individual measurements was assessed. The coefficient of 
variations for maximal velocity in the portal vein of the same person 
within 3 days was less than 10%. 


Follow-up and Statistical Analysis 


All 60 patients were part of a follow-up study (range, 15-36 
months; mean, 2 years). Patients in the hemorrhage group had 
endoscopy every 3 months. Patients in the nonhemorrhage group 
had clinical follow-up examinations every 6 months. At each episode 
of hemorrhage, we recorded the date of the start of hemorrhage and 
the most likely source. Variceal hemorrhage or death were regarded 
as end points. The patients were followed up until March 1992. The 


TABLE 1: Doppler Sonoscores for the Risk Assessment of 
Variceal Hemorrhage in a Patient with Liver Cirrhosis 








P No. of 
arameter Points 
Maximal velocity? 

Velocity: 5-10 cm/sec in portal vein or < 5 cm/sec in 

splenic vein 1 

Velocity: 1-4.9 cm/sec in portal vein 2 

Reversed (hepatofugal) flow in portal vein 0 
Maximal diameter of portal vein 

213 mm ; 1 

217 mm 2 
Response to respiration 

<40% and diameter 26 mm in superior mesenteric vein 1 
Spleen size 

Maximal longitudinal diameter 215 cm 1 
Left gastric vein 

Left gastric vein 25 mm and hepatofugal flow 1 
Gastroesophageal collaterals 

Present 1 
Vein thrombosis 

Partial, intrahepatic vein thrombosis 1 

Portal or splenic vein thrombosis? 2 


Note.—The maximal score is 9. A score of 4 or more indicates high risk for 
variceal bleeding. 

a Patients with portal or splenic vein thrombosis received two points for 
thrombosis, but zero points for velocity in the portal vein. 
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patients did not have any surgical or transcatheter procedures 
related to the liver disease and did not receive B-blockers. 

Patients with liver cirrhosis in both groups were classified upon 
entry in the study into two subgroups according to their Doppler 
sonoscore (low-risk subgroup, <4, vs high-risk subgroup, 24), the 
velocity in the portal vein (>10 cm/sec vs <10 cm/sec), the diameter 
of the portal vein (<13 vs >13 mm), the endoscopic score (20 vs <0), 
and the Child classification (Child A vs Child B or C). The prognostic 
parameters were compared by univariate analysis (log rank test). 

Results are given as mean + standard deviation and were consid- 
ered significant at p < .05. Groups were compared with Student’s 
unpaired t-test or y?-test. 


Results 


The characteristics of the patients in the hemorrhage and 
nonhemorrhage groups are summarized in Table 2. We 
found no significant difference between the groups as 
regards age, sex, or cause of liver cirrhosis. The percentage 
of patients with liver cirrhosis caused by alcohol was 63% in 
the hemorrhage group and 60% in the nonhemorrhage 
group. Patients with the first variceal hemorrhage (hemor- 
rhage group) had a higher Child classification than patients 
with newly diagnosed liver cirrhosis (nonhemorrhage group). 
The percentage of grade 3 varices and the percentage of 
red color signs were higher, and accordingly, the endoscopic 
scores of Beppu et al. [2] were lower in the hemorrhage 
group. 

Doppler sonographic findings in cirrhotic patients in the 
hemorrhage, nonhemorrhage, and control groups at entry 


TABLE 2: Characteristics of Patients in the Hemorrhage and 
Nonhemorrhage Groups 








Hemorrhage Nonhemorrhage 
Characteristic Group Group 
(n= 30) (n = 30) 

Age (mean + SD) 62 + 10 58 + 13 
Male (%) 67 70 
Female (%) 33 30 
Cirrhosis verified by biopsy (%) 84 100 
Cause of liver cirrhosis (%) 

Alcohol 63 60 

Hepatitis B or C 27 23 

Primary biliary cirrhosis 7 7 

Cryptogenic cirrhosis 3 10 
Child classification (%) 

A 50 80 

B 17 20 

C 33 0 
Ascites (%) 

Moderate 40 10 

Severe 13 0 
Encephalopathy (%) 

Precoma 50 0 

Coma 10 0 
Grade of varices (%) 

Grade 3 varices 90 30 

Red color signs 53 15 

Endoscopic score -0.24 + 0.42 0.89 + 0.59 

(mean + SD) 


i 
Note.—For patients with cirrhosis caused by alcohol, the average daily 

alcohol consumption was >60 ml absolute alcohol, and they had no other risk 

factors for cirrhosis. Endoscopic scores were according to Beppu et al. [2]. 
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TABLE 3: Doppler Sonographic Findings at Study Entry in Cirrhotic Patients in the 
Hemorrhage Group and the Nonhemorrhage Group and in Control Subjects 
po SP ETN NR HANA tC iT NT ET TTT TIT SIE RR EE, 





Hemorrhage Nonhemorrhage Control Hemorrhage vs 
ate Group Group Subjects Nonhemorrhage 
Characteristic (n = 30) (n= 30) (n= 30) Group 
(Mean + SD) (Mean + SD) (Mean + SD) (p Value)? 
Portal vein 
Velocity (cm/sec)? 14.2 +7 18.1445 27.2+6 <.05 
Diameter (mm) 14.6 + 5.0 12.7 + 1.7 92+ 1.5 NS 
Splenic vein 
Velocity (cm/sec) 13.9 + 5.5 14.6 46.5 19.9 + 4.6 NS 
Diameter (mm) 10.1 + 2.8 7541.6 4.61.7 <.01 
Response to respiration® in 
superior mesenteric vein 1347 18412 89 + 34 NS 
Spleen size (cm) 14.9 + 3.2 13.0 + 2.4 10.3 + 1.1 NS 
Portosystemic collaterals (%)4 
To inferior vena cava 50 30 0 NS 
Gastroesophageal 
varices 90 33 0 <.001 
Left gastric vein 2 5 mm 
and hepatofugal flow 43 15 0 <.05 
Partial vein thrombosis (%) 10 3 0 NS 
Total vein thrombosis (%) 7 3 0 NS 
Mean Doppler sonoscore® 3.8 + 1.6 18408 0 <.0001 
Doppler sonoscore >4(%) 40 7 0 <.01 





Note.—NS = not significant. 


a Results in control subjects were highly significant (p < .001) vs hemorrhage and nonhemorrhage groups in all 


parameters (exception: vein thrombosis). 


b Maximal velocity was measured; no correction was performed to calculate mean velocity. 
°Response to respiration = (D at inspiration x 100/D at expiration) — 100; D = diameter. 
Collaterals to inferior vena cava: splenorenal, gastrorenal, and paraumbilical veins. 
"Doppler sonoscore for the risk assessment of variceal bleeding according to Table 1. 


into the study are summarized in Table 3. The Doppler 
sonoscore was more than zero in 95% of cirrhotic patients 
and was zero in all control subjects. Flow velocity in the por- 
tal and splenic veins was clearly lower in patients with cirrho- 
sis than in control subjects (p < .0001). The diameters of the 
portal, splenic, and superior mesenteric veins were enlarged 
in cirrhotic patients compared with control subjects (p < 
-0001). In addition, the effect of respiration on the diameter 
of the superior mesenteric vein was decreased in patients 
with cirrhosis. Portosystemic collaterals and venous throm- 
bosis were found in cirrhotic patients only. 

Flow velocity in the portal vein was significantly decreased 
and the diameter of the splenic vein was significantly 
increased in the hemorrhage group as compared with the 
nonhemorrhage group. In addition, the left gastric vein and 
gastroesophageal collaterals could be visualized more often 
in the hemorrhage group than in the nonhemorrhage group. 
The mean Doppler sonoscore was clearly higher in the 
hemorrhage group. 

During the mean follow-up period of 2 years, 12 patients in 
the hemorrhage group had recurrent hemorrhage (preva- 
lence, 40%) and 18 patients died (mortality rate, 60%). Hem- 
orrhage recurred because of varices in the distal esophagus 
or at the gastroesophageal junction in 10 patients and from 
gastric varices in two patients. To assess the predictive 
value of the Doppler sonoscore, patients had been catego- 
rized upon entry in the study into low- (<4) or high- (24) risk 
subgroups. The cumulative percentage of patients in the 
hemorrhage group without recurrent hemorrhage in relation 


to the Doppler sonoscores during the follow-up period is 
shown in Figure 1. In patients with a Doppler sonoscore of 4 
or more, the prevalence of recurrent hemorrhage was 67% 
despite intensive sclerotherapy; in patients with a Doppler 
sonoscore less than 4, the prevalence was only 22% (p < 
.02, log rank test). If we consider only patients in the hemor- 
rhage group with a sonoscore of 4 or more and if we exclude 
patients who did not survive 2 years, eight (89%) of nine 
patients had recurrent hemorrhage. 

In contrast, single Doppler sonographic parameters did 
not show significant predictive results. Patients were subdi- 
vided at entry into the study according to the velocity in the 
portal vein, with a threshold of 10 cm/sec. In the hemorrhage 
group, bleeding recurred in 56% if the velocity was less than 
10 cm/sec; it recurred in 33% if the velocity was 10 cm/sec 
or greater. The difference was not significant. Similar analy- 
ses have been performed with the diameter of the portal vein 
by using a threshold of 13 mm, but again no significant pre- 
dictive results were found. 

in contrast to the Doppler sonoscore, endoscopic parame- 
ters such as form of varices, the presence of red color signs, 
and the number of treatment sessions needed to eradicate 
esophageal varices had no significant predictive results 
according to the log rank test. No significant difference in the 
prevalence of recurrent hemorrhage was noted between 
patients in Child class A or in Child class B or C. However, 
the mortality rate was significantly higher (p < .01, log rank 
test) in patients classified in Child B or C (78%) than in 
patients classified in Child A (22%). 
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Fig. 1.—Cumulative percentage of patients without subsequent bleed- 
ing in relation to Doppler sonoscores (Table 1) during a follow-up period 
of 24 months. The Doppler sonoscore was assessed at study entry in pa- 
tients with liver cirrhosis and first variceal hemorrhage. In patients with a 
Doppler sonoscore of 4 or more (n = 12), the prevalence of recurrent hem- 
orrhage was 67%; in patients with a score less than 4 (n = 18), it was only 
22% (p < .02, log rank test). Vertical bars represent patients who died 
during the follow-up period without recurrent hemorrhage. 


In addition to the log rank test, which is the appropriate 
test to assess the predictive value of the parameters, we 
used another statistical approach that avoids the problem of 
determining a threshold value upon entry into the study but 
that still provides information about the significance of the 
various parameters. In the original hemorrhage group, we 
used unpaired t-tests to compare Doppler sonographic, 
endoscopic, and clinical parameters between patients who 
had recurrent hemorrhage and patients who did not (Table 
4). Again, the mean Doppler sonoscore was significantly (p < 
.05) higher in patients who had recurrent hemorrhage than in 
those who did not. The velocity in the portal vein was lower 
in the patients who had recurrent hemorrhage than in those 
who did not; however, the difference was not significant. The 
diameter of the portal vein and visualization of the left gastric 
vein or gastroesophageal collaterals tended to be increased 
in patients who had recurrent hemorrhage; however, the dif- 
ferences were not significant. 


TABLE 4: Doppler Sonographic, Endoscopic, and Clinical 
Findings in the Hemorrhage Group at Study Entry in Relation to 
the Presence of Rehemorrhage During the Follow-up Period 





No Rehemor- 
Variable a E rhage (n= 12) p Value 
(mean + SD) (mean + SD) 
Doppler sonoscore 3.34 1.5 5.04 1.6 <.05 
Velocity (cm/sec) in portal 17.2+11 9.549 NS 
vein 
Diameter (mm) in portal 13.2 + 3.9 16.346.2 NS 
vein 
Left gastic vein, >5mm(%) 22 50 NS 
Gastroesophageal 83 100 NS 
collaterals (%) 
Endoscopic score ~0.2+ 0.4 ~0.3+0.2 NS 
Child classification 8.142.3 8.9+1.6 NS 


sm 
Note.--Endoscopic scores were according to Beppu et al. [2]. Child classifi- 
cation is given as continuous-scale score [12]. NS = not significant. 
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In the hemorrhage group, endoscopic scores and the 
Child classification did not show any significant differences 
with either statistical test, neither with the log rank test nor 
with the unpaired t-test, between those who had recurrent 
hemorrhage and those who did not (Table 4). Other endo- 
scopically derived parameters, such as endoscopic score 1 
week after the first hemorrhage or the number of treatment 
sessions needed to eradicate the varices, were also not sig- 
nificantly correlated to the prevalence of recurrent hemor- 
rhage. 

In the nonhemorrhage group, four patients (13%) had 
variceal hemorrhage and six patients (mortality rate, 20%) 
died during follow-up. The Doppler sonoscores had no sig- 
nificant predictive value in determining variceal hemorrhage. 
In contrast, the endoscopic score showed a significant (p < 
.05, log rank test) predictive result despite the rather low 
prevalence of hemorrhage. 


Discussion 


For physicians who treat patients with hemorrhage from 
esophageal varices, risk assessment of recurrent hemor- 
rhage and optimal timing of liver transplantation or shunt 
placement are essential. Our results suggest that Doppler 
sonography of the portal vein system can be used to predict 
recurrent hemorrhage after an initial variceal hemorrhage in 
patients who survive at least 2 weeks. In patients with a 
Doppler sonoscore of 4 or more, the prevalence of recurrent 
hemorrhage was 67% despite intensive sclerotherapy; in 
patients with a Doppler sonoscore less than 4, the preva- 
lence was only 22%. Thus, it may be possible to use Doppler 
sonography to determine which patients are likely to have 
recurrent hemorrhage. However, because of the limited 
number of patients per group, further studies with larger 
numbers of patients are necessary. If these results are con- 
firmed, Doppler sonography may be used to select the best 
treatment method after the first variceal hemorrhage. 

Our results are supported by other studies that showed a 
significant correlation between Doppler sonographic findings 
and the size of esophageal varices [14, 15, 17]. However, to 
our knowledge, this is the first prospective study showing 
that Doppler sonography can be used to predict the risk of 
recurrent hemorrhage in patients after sclerotherapy of the 
first variceal hemorrhage. In contrast to measurements of 
the portohepatic gradient, Doppler sonography allows nonin- 
vasive assessment of multiple factors significantly correlated 
with esophageal varices, portal hypertension. and preva- 
lence of recurrent hemorrhage [5, 15]. In this study, endo- 
scopic and clinical criteria could not be used to predict the 
risk of recurrent hemorrhage in patients who had scierother- 
apy. In this respect, the noninvasive Doppler study may be 
superior to invasive measurement of the portohepatic gradi- 
ent and may be as good as angiography [5, 15, 17-19]. 

In the nonhemorrhage group of patients who had newly 
diagnosed liver cirrhosis, the prevalence of subsequent 
hemorrhage was only 13%, and Doppler sonographic 
parameters showed no significant correlation with preva- 
lence. The lack of significance can be explained either by a 
statistical type Il error caused by the low prevalence or by 
the inability with Doppler sonography to distinguish between 
submucosal esophageal varices, which represent a potential 
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bleeding site, and paraesophageal veins, which do not bleed 
and are invisible on endoscopy [13, 14]. 

To assess the individual importance of Doppler sono- 
graphic parameters, we compared control, nonhemorrhage, 
and hemorrhage groups, and subgroups of the hemorrhage 
group with and without subsequent recurrent hemorrhage. If 
we consider all sonographic, endoscopic, and clinical 
parameters, the differences between control subjects and 
patients with liver cirrhosis were high; the differences 
between the nonhemorrhage group and the hemorrhage 
group were medium; and the differences between the sub- 
groups of the hemorrhage group with and without recurrent 
hemorrhage were rather small and only significant for one 
parameter, the Doppler sonoscore. 

If only one Doppler sonographic parameter, such as vein 
diameter or velocity, is considered, considerable overlapping 
was observed between cirrhotic patients and control sub- 
jects and between the hemorrhage and nonhemorrhage 
groups. To improve the sensitivity, specificity, and predictive 
values of Doppler sonographic parameters, we combined 
these parameters and created a new Doppler sonoscore for 
the risk assessment of variceal hemorrhage. Before the 
study began, we decided to classify patients as being either 
at low (<4) or high (24) risk for subsequent hemorrhages. 
Similar approaches have been tried by others. Moriyasu et 
al. [20] proposed a congestion index (area/velocity) and 
found significant differences between patients with cirrhosis 
and control subjects [20]. Medhat et al. [15] developed a 
sonoscore based on real-time sonography and found a sig- 
nificant correlation with esophageal varices and bleeding 
prevalence. However, as these scores did not combine all 
available information, we tried to improve this score. We 
combined all available Doppler and sonographic variables 
associated with variceal hemorrhage and also included 
some signs related to portal hypertension (Table 1). 
Increased diameter of the portal vein, decreased response 
to respiration in the superior mesenteric vein, intrahepatic 
partial vein thrombosis, and increased size of the spleen are 
associated with portal hypertension, but are not clearly cor- 
related with the prevalence of hemorrhage [17, 21]. In most 
patients, only some of these signs were present, and the 
patients usually had a score of 1-3 and were classified into 
the low-risk group. In contrast, clearly decreased velocity in 
the portal vein, an enlarged left gastric vein with hepatofugal 
flow, and the presence of gastroesophageal collaterals are 
clearly associated with esophageal hemorrhage [13, 14, 17, 
19]. If one or two of these signs were present in addition to 
the portal hypertension signs, the patients usually had a 
score between 4 and 6 and were classified into the high-risk 
group. Collaterals to the lower vena cava, such as gastrore- 
nal, splenorenal, and paraumbilical collaterals, were disre- 
garded, since they are not associated with the risk of 
variceal hemorrhage and may even be protective as the 
blood is shunted away from the gastroesophageal varices 
[13, 17, 22, 23]. Reversed (hepatofugal) flow in the portal 
vein, if associated with reversed flow in the superior mesen- 
teric or splenic veins and hepatopetal flow in the left gastric 
vein, also may be protective, since the blood may be 
shunted through collaterals to the inferior vena cava [24]. 
Thus, we heavily weighted the Doppler and sonographic 
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signs correlated with esophageal hemorrhage, slightly 
weighted signs correlated with portal hypertension, and dis- 
regarded protective signs. Further Doppler sonographic 
signs, such as increase in splenic and superior mesenteric 
artery blood flow; increase in the resistive index (>0.78) of 
hepatic artery flow; increase in superior mesenteric, splenic, 
and portal venous flow; and loss of triphasic flow pattern in 
the hepatic veins were not included. Because the relative 
importance of the various variables is unknown, the score 
system had to be developed arbitrarily. The use of combined 
criteria, however, showed clear advantages over the use of a 
single variable. Because the pitfalls, sources of errors, and 
observer variability in Doppler sonography of the portal sys- 
tem are significant [25-27], we examined patients only in 
one medical center, and Doppler sonography was performed 
only by two very experienced operators. 

Endoscopic variables have been shown to be a useful tool 
for determining the risk of the first variceal hemorrhage [2, 
3]. This was demonstrated in the nonhemorrhage group 
despite a rather low prevalence of hemorrhage. These data 
are in agreement with previous studies that showed a high 
predictive value for endoscopic findings, especially the red 
color signs [2, 3]. However, in this study, endoscopy did not 
show clear prognostic signs for estimating the risk of recur- 
rent hemorrhage in patients treated with sclerotherapy. The 
lack of significance, however, does not exclude a statistical 
type Il error, especially if we consider that the number of 
patients per group was only 30. Nevertheless, there are 
many other reasons for the lack of significance. Endoscopy 
was performed on an emergency basis within 12 hr after the 
initial hemorrhage. In this situation, visualization is limited, 
treatment is urgent, and varices may not be completely dis- 
tended because of hypovolemia. Thus, in some patients, 
possibly those with severe hemorrhage, endoscopic findings 
may have been underestimated because the varices were 
not dilated or red color signs were obscured by blood. At the 
second endoscopic examination, scoring of the varices was 
even more difficult than at the first examination, as many 
varices were already thrombosed and partially ulcerated. 
Sclerotherapy obscures many of the endoscopic prognostic 
features that indicate recurrent bleeding is likely, and after 
sclerotherapy, a reliable assessment of the risk of recurrent 
hemorrhage is difficult. Although the Child classifications 
were Clearly correlated with survival time in the hemorrhage 
group, as reported by other authors [4, 28], this was not 
found for any of the Doppler sonographic or endoscopic 
variables. 

In conclusion, Doppler sonography of the portal venous 
system can be used to predict recurrent hemorrhage in 
patients who have had an initial occurrence of variceal hem- 
orrhage. This risk assessment, however, is far from perfect. 
In our opinion, Doppler sonography is a useful noninvasive 
procedure, best performed after the first variceal hemor- 
rhage. In contrast, in patients without previous variceal hem- 
orrhage, most data suggest that endoscopy is superior to 
Doppler sonography for predicting the risk of variceal hemor- 
rhage. Further prospective studies, performed in larger 
groups of patients, may determine more precisely the 
predictive value of individual parameters of Doppler 
sonography. 
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Metastases to the Pancreas and 
Peripancreatic Lymph Nodes from 
Carcinoma of the Right Side of the 
Colon: CT Findings in 12 Patients 


OBJECTIVE. Our objective was to describe the CT findings of metastases to the 
pancreas from carcinoma of the colon and to discuss the pathways of metastasis 
based on the anatomic relationship between the mesocolon and the pancreas. 

MATERIALS AND METHODS. Clinical features and CT scans of 12 patients who had 
proved metastases to the pancreas from adenocarcinoma of the colon were retro- 
spectively reviewed to define the characteristics of pancreatic lesions. The primary 
tumors were in the cecum (three patients), ascending colon (five patients), and trans- 
verse colon (four patients). Direct extension of the tumor to the pancreas was 
excluded. Metastases were diagnosed by aspiration or surgical biopsy. 

RESULTS. Seven patients (58%) had obstruction of the bile duct and/or pancreatic 
duct. Four others had symptoms related to the mass, including pain and gastrointes- 
tinal obstruction. In eight patients (67%), metastatic tumors involved the pancreas as 
a focal mass; in the other four (33%), the masses were lobulated and engulfed the 
pancreas and were indistinguishable from peripancreatic nodal disease. The masses 
were hypodense in nine patients (75%) and isodense in three patients (25%). Extra- 
pancreatic metastatic disease was seen in nine patients (75%). 

CONCLUSION. Clinical features and CT findings in patients with pancreatic 
metastases from carcinoma of the colon are similar to those of primary pancreatic 
ductal adenocarcinomas. The diagnosis of metastasis should be considered when a 
patient has a pancreatic mass and a history of colon carcinoma. 


AJR 1993;160:49-52 


The imaging appearance of colon cancer metastatic to the pancreas is not well 
documented in the literature. Primary tumors that commonly metastasize to the 
pancreas are melanoma; carcinomas of the lung, breast, kidney; and carcinomas 
in the gastrointestinal tract such as in the stomach and small bowel [1-4]. Only a 
few reports [3] of cases of pancreatic metastases from carcinoma of the colon 
have included CT findings. We report CT findings of metastatic disease to the 
pancreas from primary adenocarcinomas in the cecum, ascending colon, and 
transverse colon in 12 patients and discuss the pathways of metastasis based on 
the anatomic relationship between the mesocolon and the pancreas. 


Materials and Methods 


CT scans collected between 1989 and 1991 from 12 patients with colon cancer meta- 
Static to the pancreas were reviewed retrospectively. Cases of direct extension of the pri- 
mary tumor to the pancreas were excluded. The medical records of these patients were 
reviewed with attention to the clinical features, the sites of primary tumors, the staging of pri- 
mary tumors, and the time between diagnosis of the primary tumor and discovery of meta- 
static disease. The group consisted of eight men and four women 31~74 years old (mean, 
58 years). 

All CT scans were obtained with the GE 9800 Quick, the 9800 High-Light HTD, or the 
9800 High-Light Advantage system (GE Medical Systems, Milwaukee, WI). In six patients, 
10-mm sections with 10-mm intervals were used, and scans were obtained from the dome 
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of the diaphragm down to the iliac crest after IV administration of 
contrast material at a rate of 1.5 ml/sec. In the other six, 1.5-mm 
sections and 5-mm scan intervals were used, and scans of the pan- 
creas were obtained after a bolus injection of IV contrast material. 

The primary tumors were located in the cecum in three patients, 
ascending colon in five, and transverse colon in four. In only one 
patient was the primary tumor still present in the ascending colon 
when the patient was seen because of obstructive jaundice. This 
patient was thought to have a primary carcinoma in the pancreatic 
head. In the other 11 patients, the primary tumors had been re- 
moved; the average time between diagnosis of primary tumors in 
the colon and discovery of metastases in the pancreas was 32 
months (range, 6 months to 14 years). In one patient, metastatic 
disease to the pancreatic head developed 14 years after a right 
hemicolectomy; biopsy of the mass showed histologic characteris- 
tics similar to those of the primary carcinoma of the colon. 

Among the 11 patients in whom the primary tumors had been 
removed, the pathologic stages at the time of resection according to 
the TNM classification were defined as T3 in nine and T2 in two 
patients, and as NO in four, N1 in one, and N2 in six patients. Two 
patients had hepatic metastases at the time of resection. 

Metastatic carcinoma of the colon was confirmed pathologically 
in 11 of 12 patients—by pancreatic biopsy in three patients, surgery 
in six, and aspiration biopsy of the peripancreatic nodes in two. The 
12th patient had multiple sites of metastasis, and the results of 
biopsy of the vertebral body of L5 confirmed the diagnosis. Histo- 
logic or cytologic diagnosis was made by comparing the biopsy 
specimens with the original tumors or by observing the characteris- 
tic features of columnar epithelium, peripheral palisading, and 
necrosis that were highly suggestive of adenocarcinoma of the 
colon. 


Results 


In eight patients (67%), metastases involved the pancreas 
(Figs. 1 and 2). Four patients had peripancreatic nodal 
involvement with invasion of the pancreatic parenchyma, 
one had a paraduodenal mass inseparable from the pan- 
creas, and three had nodal disease extending up along the 





Fig. 1.—Metastasis to head of pancreas from colon carcinoma in a 58-year-old man with obstruc- 
tive jaundice and gastric outlet obstruction who had a right hemicolectomy for adenocarcinoma 3 


years earlier. 


A, CT scan at hilum of liver shows dilated intrahepatic bile duct (arrows). 
B, CT scan 1.5 cm caudal to A shows mass (M) in head of pancreas that has caused obstruction 
of pancreatic duct (arrow) and antrum of stomach. Aspiration biopsy showed tumor had character- 


istics consistent with those of primary colonic carcinoma. 
p = portal vein, vc = inferior vena cava. 
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hepatoduodenal ligament. The masses were hypodense rel- 
ative to normal parenchyma in four patients (Fig. 2) and iso- 
dense in the other four (Fig. 1). Three (75%) of the four 
patients with tumor in the head of the pancreas had obstruc- 
tive jaundice (Fig. 1), and jaundice developed in the fourth 
during the course of follow-up. Two patients had symptoms 
of gastrointestinal obstruction, because the mass com- 
pressed either the antrum of the stomach or the duodenum. 

Four patients (33%) had a metastatic tumor in the body or 
tail of the pancreas. Three tumors were hypodense and 
caused obstruction of the pancreatic duct; both characteris- 
tics were indistinguishable from those of primary pancreatic 
carcinoma (Fig. 3). The other mass engulfed the pancreas 
and could not be separated from peripancreatic nodes (Fig. 
4). Two patients in this group had a mass in the left upper 
quadrant of the abdomen and pain in the upper abdomen, 
and two patients were asymptomatic. 

Nine (75%) of the 12 patients with carcinoma of the colon 
metastatic to the pancreas had extrapancreatic disease, 
including hepatic metastases (five patients), peritoneal 
metastases (three patients), lung metastasis (one patient), 
and bone metastasis (one patient). Three patients had no 
other metastases at the time the pancreatic masses were 
discovered. Three patients had elevated levels of carcino- 
embryonic antigen. 


Discussion 


Metastases to the pancreas are uncommon. In large 
autopsy series [5, 6], secondary tumors of the pancreas 
accounted for only 3-12% of metastases. Abrams et al. [5] 
analyzed autopsy findings in 1000 patients who died from 
malignant tumors and found that only 5.4% of carcinomas of 
the colon metastasized to the pancreas. Most secondary 
tumors of the pancreas reported in the radiologic literature 
[1-4] were from carcinomas of the lung, breast, and kidney 





Fig. 2.—CT scan shows metastasis to head of 
pancreas from colon carcinoma in a 52-year-old 
man in whom carcinoma of transverse colon was 
diagnosed 4 years earlier. Patient also had lung, 
peritoneal, and hepatic metastases. Tumor (T) in 
head of pancreas is hypodense. Diagnosis was 
confirmed by surgical biopsy. 
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Fig. 3.—CT scan shows metastasis to body of pancreas from carcinoma of ascending colon in a 62-year-old woman who had a right hemicolectomy 
2 years earlier. Patient had weight loss, pain in left upper quadrant, and elevated serum carcinoembryonic antigen levels. Note large hypodense mass 
(M) with encasement of splenic artery (arrow) and obstruction of splenic vein. Patient also had hepatic and splenic metastases (not shown). Mass was 
indistinguishable from primary tumor of pancreas. Specimens from aspiration biopsy showed cytologic features similar to those of primary tumor. 


Fig. 4.—CT scan shows isodense mass (M) at head of pancreas with infiltration and lobulated appearance in an 88-year-old man who had a right hemi- 
colectomy for carcinoma of right transverse colon 3 years earlier. Patient had pain in right upper quadrant of abdomen and no jaundice. Aspiration bi- 
opsy confirmed diagnosis of metastatic colon carcinoma. D = duodenum, arrow = gastrocolic trunk. 


and from melanoma. Only a few examples of carcinoma of 
the colon with pancreatic metastasis were reported by 
Murunaka et al. [3] and Wernecke et al. [7]. Our study of 12 
patients is the largest one to date that includes the CT find- 
ings of pancreatic metastases from carcinoma of the colon. 

In our study, clinical features and CT findings in seven 
patients who had pancreatic metastases from carcinoma of 
the colon could not be distinguished from those of a primary 
ductal adenocarcinoma, and in four of the seven, the diagno- 
sis at referral was carcinoma of the pancreas. Among the 
eight patients who had a focal mass in the pancreas, seven 
masses (88%) were hypodense and three (37%) of them 
had a CT density between 20 and 30 H, consistent with an 
area of tumor necrosis or mucin production. These features 
of hypodensity (scirrhous area or fibrosis of the tumor) and 
the area of tumor necrosis had prevalences similar to those 
observed in primary ductal adenocarcinomas of the pan- 
creas (83% and 12%, respectively) [8]. 

In four patients who had bulky and lobulated masses 
engulfing the pancreas, two masses were hypodense and 
the other two were isodense. Three involved the head of the 
pancreas and extended up along the hepatoduodenal liga- 
ment and one locally infiltrated around the head and body of 
the pancreas. Distinguishing peripancreatic nodal disease 
from isolated pancreatic masses can be difficult, particularly 
when the masses are large and the tissue planes are obliter- 
ated [4]. With this CT appearance, one should consider the 
possibility of metastatic disease from other gastrointestinal 
or pancreatic primary tumors or from lymphoma. 

All patients in this study had primary carcinoma that origi- 
nated from the right side of the colon and the transverse 
colon, and the primary tumor was not contiguous with the 
pancreas. We excluded patients who had primary tumors in 
the hepatic flexure or splenic flexure, where they can directly 
invade the duodenum and the pancreatic head, or the tail of 
the pancreas along the mesocolon [9], so as to clearly limit 


our study to cases of metastases. The prevalence of pancre- 
atic metastases from carcinoma of the colon among this 
group of patients is not known because these cases were 
gathered through a retrospective review of the teaching col- 
lections covering a 3-year period. However, from our unpub- 
lished data when we reviewed pathways of nodal 
metastases for carcinoma of the ascending and transverse 
portions of the colon, we found metastatic disease to the 
pancreas in four (3%) and direct invasion of the pancreas in 
another four (3%) of 125 patients evaluated. On the other 
hand, in a review [10] of 173 cases of carcinoma of the 
descending colon, sigmoid colon, and rectum, no examples 
of metastasis to the pancreas were seen, although theoreti- 
cally, tumors of the left side of the colon can spread via the 
lymphatic system along the inferior mesenteric vein [11] 
toward the superior mesenteric vein just caudal to the body 
of the pancreas and can involve the pancreas. 

We think that the most likely mode of spread in most of 
our cases was via the lymphatic system. The pathways of 
lymphatic drainage of the colon are well documented [11, 
12]. The pathways can be followed along the vessels in the 
mesocolon toward the root of the mesocolon, which covers 
the head, body, and tail of the pancreas. For the cecum and 
ascending colon, the primary lymphatic drainage runs along 
the ileocolic vessels toward the root of the superior mesen- 
teric artery and vein adjacent to the head and body of the 
pancreas. For the transverse colon, the lymphatic drainage 
follows the middle colic vessels in the transverse mesocolon 
to where they join the superior mesenteric vessels anterior 
to the head of the pancreas. Because of these drainage 
pathways, nodal metastases from carcinoma of the cecum, 
ascending colon, and transverse colon could end up in the 
nodes around the head and body of the pancreas. Further 
progression of these nodal metastases is likely to involve the 
pancreatic parenchyma, and the tumors become insepara- 
ble from the pancreas. 
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in summary, when a patient with a history of carcinoma of 
the cecum, ascending colon, or transverse colon has a pan- 
creatic mass, with or without obstruction of the pancreatic or 
the bile duct, and the mass can be focal or infiltrative, meta- 
static disease should be considered in the differential diag- 
nosis. Aspiration biopsy may be needed to establish the 
diagnosis. 
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Pictorial Essay 


CT of Blunt Trauma to the Bowel and Mesentery 


Hanh Vu Nghiem,' R. Brooke Jeffrey, Jr., and Robert E. Mindelzun 


The high mortality and morbidity rates associated with trau- 
matic rupture of the hollow viscera have been attributed to the 
clinical difficulty in establishing an early diagnosis. CT has 
been shown to be accurate for detecting bowel and mesenteric 
injuries caused by blunt trauma and may be useful in 
predicting the need for either surgical repair or conservative 
management. However, many major gastrointestinal injuries 
have subtle CT findings. In this pictorial essay, we illustrate the 
broad spectrum of gastrointestinal abnormalities that can be 
shown by CT in patients with blunt abdominal trauma. 


Diagnosis of Bowel and Mesenteric Injuries 


Bowel and mesenteric injuries are found in approximately 
5% of all patients undergoing laparotomy after blunt 
abdominal trauma and are most often associated with motor 
vehicle accidents [1]. Although undiagnosed bowel and 
mesenteric injuries make up only a small fraction of all 
injuries due to blunt abdominal trauma, they can cause life- 
threatening hemorrhage from disruption of mesenteric 
vessels and fatal peritonitis from bowel perforation. Also, 
initial clinical examination often reveals no reliable signs or 
symptoms of gastrointestinal injury. Associated visceral 
injuries can mask the findings of gastrointestinal perforation. 
The mortality rate associated with duodenal perforation 
approaches 65% when diagnosis and repair are delayed [1]. 

Although diagnostic peritoneal lavage is a valuable and 
effective means of detecting intraperitoneal hemorrhage 
after blunt trauma, the lavage findings are nonspecific for the 
site of origin and extent of the injury. Peritoneal lavage is 
also insensitive to injuries of retroperitoneal organs, 
including those of the duodenum and the colon [1]. Retained 
peritoneal fluid and gas from peritoneal lavage markedly 
limit the ability to diagnose bowel injury with CT. With 
meticulous scanning techniques, including the use of water- 


soluble oral contrast material and careful search for subtle 
findings of bowel perforation, most significant bowel and 
mesenteric injuries can be reliably identified with CT 
preoperatively, and associated injuries to other abdominal 
viscera can be confirmed. CT may also be useful in selecting 
patients who can be treated without surgery [1, 2]. 


CT Technique 


Optimal CT technique is essential for the diagnosis of 
many subtle traumatic gastrointestinal lesions. At our institu- 
tion, CT for blunt abdominal trauma is performed after oral 
and IV administration of contrast material. Intravenously, 150 
ml of 60% iodinated contrast material is administered IV as a 
sustained bolus at 2 ml/sec, after which dynamic incremen- 
tal bolus CT scans (GE 9800) are obtained at |-cm intervals 
throughout the abdomen and pelvis. Whenever possible, 
contrast material (400-700 ml of 1% diatrizoate meglumine) 
is administered orally, via a nasogastric tube, which is pulled 
back into the thoracic part of the esophagus immediately 
before scanning to minimize streak artifacts. It is critical to 
view the completed scan at the CT console with wide win- 
dows (>500 H) to detect subtle pneumoperitoneum before 
the patient is taken off the table. Regions of interest can be 
examined with selective scanning. 


CT Findings 
Pneumoperitoneum 


Free air in either the peritoneal cavity or the retroperito- 
neum after injury of the gastrointestinal tract is a relatively 
specific sign of perforation. CT can show minute quantities 
of extraluminal air (Fig. 1). Pneumoperitoneum is usually 
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Fig. 1.—Traumatic perforation of jejunum. Contrast-enhanced CT 
scan obtained with wide window settings shows subtle pneumoperito- 
neum (arrows). 


seen outlining the anterior peritoneal surface. Free air is 
commonly seen in the perihepatic region, in the perisplenic 
region, or trapped in the leaves of the mesentery or in the 





Fig. 2.—Traumatic perforation of sigmoid colon. 
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interstices of the omentum (Fig. 2). Free air may also be 
trapped by adhesions or ligaments such as the falciform 
ligament or the ligament for the ductus venosus. 


Free Intraabdominal Fluid 


Free intraperitoneal fluid is common in patients with bowel 
and mesenteric injuries. The fluid may be of low density (<20 
H) if it is extravasated from the small bowel (Fig. 3), of 
intermediate density (>25 H) if it is from hemoperitoneum, or 
of very high density (>150 H) if it is extravasated oral con- 
trast material (Figs. 4 and 5). Blood or free fluid between 
bowel loops is a key finding indicating an injury of the bowel 
or mesentery. Hemoperitoneum from hepatic or splenic 
lacerations usually accumulates within the subdiaphragmatic 
spaces, paracolic gutters, or pelvis. It is rarely noted 
between bowel loops. Low-density fluid between loops of 
bowel is an ominous finding of small-bowel perforation (Fig. 
6). Small-bowel fluid is largely composed of gastric secre- 
tions, bile, and pancreatic fluid. Because gas is not routinely 
found within much of the small bowel, small-bowel 
perforation can occur without pneumoperitoneum, and its 
only evidence may be loculated fluid between bowel loops 


C 


A and B, Contrast-enhanced CT scans show pneumoperitoneum in anterior part of abdomen, perihepatic and perisplenic space, and between 


reflections of the mesentery (arrows). 


C, Contrast-enhanced CT scan at more caudal level shows a high-attenuation hematoma or sentinel clot (curved arrow) adjacent to sigmoid 


colon (S). 





Fig. 3.—Traumatic perforation of jejunum. 

A and B, Contrast-enhanced CT scans 
through lower part of abdomen show diffuse 
enhancement and mild thickening of wall of 
small bowel (straight arrows). Free intraperito- 
neal fluid with density similar to that of water is 
seen in right paracolic gutter (curved arrow). 
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(Fig. 7). A rare form of very high density fluid (>120 H) is 
arterial blood actively hemorrhaging into the abdomen. On 
contrast-enhanced CT scans, active arterial bleeding is 
isodense with adjacent major arterial structures (Fig. 8). In 
the focal form, localized areas of extravasation are often 
associated with large hematomas. In the diffuse form, 
extravasated IV contrast material appears as high-density 
fluid that conforms to the peritoneal cavity or the involved 
extraperitoneal spaces [3]. 


Bowel Wall Findings 


On CT scans, intramural hematomas result in circumfer- 
ential or eccentric thickening of the bowel wall (Fig. 9). The 
presence of an intramural hematoma in an adult with blunt 
trauma is highly suggestive of bowel laceration. Intense 





Fig. 4.—Traumatic laceration of proximal part of jejunum. 


A, Contrast-enhanced CT scan shows free air in anterior part of abdomen (straight arrows) and 


hemoperitoneum (curved arrow) in left paracolic gutter. 


B, Contrast-enhanced CT scan shows a triangular collection of extravasated oral contrast 
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enhancement of the bowel wall also suggests injury of the 
bowel (Fig. 3), and in one study [4], it was shown that 
intense enhancement of the bowel wall accompanied by 
bowel wall thickening and free intraperitoneal fluid strongly 
suggested bowel perforation and peritonitis. 


Mesenteric Injury 


Small areas of hemorrhage may result in streaky soft-tis- 
sue infiltration of normal mesenteric fat (Fig. 6A). Larger, 
more confluent hematomas may exert significant mass 
effect on adjacent bowel loops. The presence of a mesen- 
teric hematoma should prompt a careful search for any evi- 
dence of gastrointestinal perforation or laceration of 
mesenteric vasculature. Furthermore, the “sentinel dot” sign 
(i.e., the higher attenuation values of blood noted near the 





Fig. 5.—Traumatic perforation of jejunum. CT 
scan shows extravasation of oral contrast 
material (straight arrow) and pneumoperito- 
neum (curved arrow). 


material (c) that has very high density, adjacent to a distorted contrast-filled loop of jejunum 


(arrows), diagnostic of perforation. 





B 


Fig. 6.—Traumatic laceration of jejunum. 








Fig. 7.—Traumatic perforation of jeju- 


num. Contrast-enhanced CT scan shows 
triangular fluid collections (arrows) 
between bowel loops. Fluid has a den- 
sity (18 H) similar to that of water. No 
pneumoperitoneum was present. Perfo- 
ration of jejunum was found at explor- 
atory laparotomy. 


A and B, Contrast-enhanced CT scans show marked thickening of wall of jejunum (J) and fluid adjacent 
to injured bowel loop (curved arrows). Fluid has density similar to that of water. Soft-tissue infiltration of 
mesentery denotes mesenteric hematoma (straight arrows). Hemoperitoneum is noted in paracolic gutters 
(open arrows). 
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site of visceral injury) between bowel loops (Figs. 2, 10, and 
11) is strong evidence of mesenteric and gastrointestinal 


injury [5]. 


Findings of Delayed Perforation 


In some patients, perforation of the small bowel may be 
delayed (Fig. 12). Initial CT findings may be normal in this 
instance. In patients with developing signs of fever or perito- 
nitis, follow-up CT should be done without hesitation. Other 
delayed complications may include bowel necrosis (Fig. 13). 


Features of Specific Gastrointestinal and Mesenteric 
Injuries 


Gastric Injury 


Gastric injury from blunt abdominal trauma is more com- 
mon in children than in adults (Fig. 14). Acommon finding in 
patients with this injury is a distended stomach, which usu- 
ally occurs after eating. The anterior wall of the stomach is 
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the most common site of rupture, followed by the greater 
curvature, the lesser curvature, and the posterior wall in 
order of decreasing frequency. Delay in diagnosis prolongs 
the period of peritoneal contamination and contributes to 
sepsis and intraabdominal abscess, which is often exten- 
sive, recurrent, and difficult to treat. Trauma to the left side of 
the body is present in many patients with gastric perforation, 
and the most common associated injury is rupture of the 
spleen. Significant left-sided thoracic injury is the second 
most common associated injury [6]. 


Duodenal Injury 


Hematoma and perforation occur most commonly in the 
descending and horizontal segment of the duodenum. The 
horizontal segment of the duodenum crosses the vertebral 
column and is easily compressed against the spine by a 
direct blow. Depending on the site of duodenal perforation, 
ectopic gas or oral contrast material can extravasate into the 
right anterior pararenal space (Fig. 15) or the peritoneal 





Fig. 8.—Traumatic laceration of ileocolic artery. (Reprinted from Jeffrey et al. [3].) 
A, Contrast-enhanced CT scan shows diffuse fluid of very high density (arrows) throughout 


peritoneal cavity, representing extravasated IV contrast material. 


B, Contrast-enhanced CT scan shows actively hemorrhaging arterial blood (arrows) mixed with 


clotted blood (C) and lysed blood in pelvis. 





Fig. 9.—Traumatic perforation of jejunum. 
Contrast-enhanced CT scan shows significant 
thickening of bowel wall, representing intramu- 
ral hematoma of jejunum (j) and free intraperito- 
neal air (arrows). 


Fig. 10.—Traumatic laceration of mesentery. 
Contrast-enhanced CT scan shows localized 
high-attenuation hematoma (arrows) in small- 
bowel mesentery. 


Fig. 11.—Traumatic avulsion of omentum 
and laceration of mesentery with sentinel clot 
sign. CT scan shows high-attenuation he- 
matoma in omentum (straight arrows) and 
between loops of bowel (curved arrows). 
Nearly complete avulsion of lower portion of 
omentum and laceration of root of mesentery 
supplying middle part of ileum were found at 
exploratory laparotomy. 
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Cavity. It is important to search for an associated injury of the 
head of the pancreas [7]. 


Jejunal and Ileal Injury 


The jejunum and ileum are generally injured at or near a 
point of fixation such as the ligament of Treitz (Fig. 16) and 
the ileocecal valve. Rupture of the small bowel occurs most 
frequently on the antimesenteric border. Abdominal pain and 
signs of peritoneal irritation develop slowly, because the 
bowel contents, particularly the jejunal contents, usually 
have neutral pH, have low bacterial counts, and are not 
enzymatically active [8]. 


Colonic Injury 


Compression of the upper abdomen caused by a steering 
wheel or lap-type seat belts appears to predispose patients 
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to colonic injury. The transverse colon, sigmoid colon, and 
cecum are the most common sites of injury. Injury of the 
transverse colon most often involves intramural hematomas 
or serosal tear without fecal spillage. More serious injuries, 
including avulsion of the mesentery, full-thickness laceration, 
transection, and devascularization of a segment of the colon 
are more often seen in injuries of the ascending and 
descending colon [9]. Rarely, traumatic ventral herniation of 
the transverse colon through a diastasis of the rectus abdo- 
minis muscles may result from abdominal wall injury caused 
by blunt trauma (Fig. 16). 


Mesenteric Injury 


Mesenteric hematomas are the most common blunt gas- 
trointestinal injuries shown by CT. Once a mesenteric 
hematoma has been shown by CT, a careful search should 
be made for any evidence of gastrointestinal perforation and 
disruption of mesenteric vasculature [1, 2]. 





Fig. 12.—Delayed traumatic perforation of distal part of ileum. 


A, Initial contrast-enhanced CT scan shows normal distal part of ileum (i). 
B, Contrast-enhanced CT scan obtained 1 week later shows fluid adjacent to distal part of ileum 
and in pelvis (arrows). Density of fluid was similar to that of water. Perforation of ileum was found 


at exploratory laparotomy. 


Fig. 14.—Traumatic rupture of stomach in a 
child. Contrast-enhanced CT scan shows pneu- 
moperitoneum (arrows) in anterior part of abdo- 
men. Note streak artifacts from nasogastric 
tube, which was inadvertently not withdrawn 
before scanning 


Fig. 15.—Traumatic perforation of duode- 
num. Contrast-enhanced CT scan shows free 
air in retroperitoneum (straight arrows), diag- 
nostic of perforation, and free fluid in right 
anterior pararenal space (curved arrow). 


Fig. 13.—Surgically proved bowel necrosis 
resulting from blunt abdominal trauma. Con- 
trast-enhanced CT scan shows dilated loops of 
bowel with poor definition of bowel wall and 
pneumatosis (straight arrow). Note associated 
mesenteric infiltration (open arrows) and free 
fluid in paracolic gutter (curved arrow). 
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Fig. 16.—Intramural hematoma of jejunum 
and midline hernia of transverse colon after 
blunt trauma. (Reprinted with permission from 
Rizzo et al. [1].) 

A, Contrast-enhanced CT scan shows thick- 
ening of bowel wall due to intramural 
hematoma of proximal part of jejunum (curved 
arrow) just distal to ligament of Treitz. Note 
surrounding intraperitoneal hemorrhage 
(straight arrows). 

B, At more caudal level, contrast-enhanced 
CT scan shows traumatic midline herniation of 
transverse colon (C) through abdominal wall 
and diastasis of rectus muscles. Again note 
mural hematoma of jejunum (curved arrow) 
and adjacent hemorrhage (straight arrows). 
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Pictorial Essay 





Gastric Syphilis: Radiologic Findings 


Blaise V. Jones! and Joel E. Lichtenstein 1:2 


Syphilis, a venereal infection caused by the spirochetal bac- 
terium Treponema pallidum, has long been considered a pri- 
mary public health concern in the United States. With the onset 
of the antibiotic era, the prevalence of the disease dramatically 
plummeted, as did interest in its radiologic manifestations. 
Rolfs and Nakashima [1] have shown that the prevalence of pri- 
mary and secondary syphilis increased 34% from 1981 to 1989, 
to its highest level since 1949. Given this dramatic increase, 
classic manifestations of syphilis may warrant renewed 
attention. In its secondary and tertiary stages, syphilis can 
cause a wide range of gastric lesions that can mimic many 
other entities, from gastritis or benign ulcer disease to gastric 
carcinoma. Indeed, the acute gastritis of early secondary syph- 
ilis produces the earliest radiologically detectable signs of the 
disease. Cases of gastric syphilis submitted to the Armed 
Forces Institute of Pathology and cases drawn from the Univer- 
sity of Cincinnati teaching file are used to illustrate the varied 
findings in this disease. 


Early Disease 


In the primary phase of the infection, the bacteria enter 
through the skin or mucous membranes, invading blood and 
lymphatic vessels and accumulating in regional lymph 
nodes. Within several weeks, a firm, relatively painless 
ulcerating nodule, or chancre, forms at the site of initial inva- 
sion. Primary syphilis has no radiologic manifestations, and 
the chancre resolves spontaneously, sometimes without 
being noticed by the patient [2]. 

If untreated, the infection progresses to secondary syphi- 
lis, which is characterized by rash, fever, lymphadenopathy, 
and mucocutaneous inflammation. At this stage, a small per- 
centage of patients will have acute gastritis, clinically mani- 
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fested as pain accompanied by vomiting, but typically with 
minimal nausea. Radiographs show a nonspecific gastritis, 
with diffusely thickened folds that may become nodular 
(Fig.1A), with or without detectable ulcers [3] (Fig. 2). The 
organisms can be observed in tissue specimens at this time 
[4] (Fig. 1B). Histologically, the gastritis is manifested by a 
mucosal and perivascular mononuclear cell infiltrate. Similar 
radiologic and histologic changes in the small bowel have 
also been described, although this manifestation is quite 
rare [5]. 


Late Disease 


A portion of untreated patients progress from secondary 
syphilis to manifest signs and symptoms of tertiary syphilis. 
Outside of the gastrointestinal tract, the classic findings are 
aortitis, parenchymal or skeletal gumma formation, and 
tabes dorsalis with associated neuropathic joint disease. As 
the infection continues to this stage, a mass, or gumma, 
may develop in the gastric wall in some patients [6] (Fig. 
3A). This lesion is characterized histologically by layers of 
fibroblasts and mononuclear cells surrounding rubbery cen- 
tral necrosis [2]. 

With or without gumma formation, the inflammatory reac- 
tion in the stomach tends to evolve into a fibrotic narrowing 
of the gastric wall. These constrictive lesions may form in 
the body of the stomach (Fig. 3B). Early investigators 
thought that this was a characteristic finding of gastric 
syphilis and termed it the “hourglass” or “dumbbell” shaped 
stomach. This appearance can also be seen in benign gas- 
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Fig. 1.—Acute syphilitic gastritis in 33-year-old woman with postprandial vomiting. 
A, Radiograph shows markedly thickened and irregular folds, typical of early gastric syphilis. 
B, Photomicrograph of biopsy specimen from same patient shows spirochetes (curved 


AJR:160, January 1993 





Fig. 2.—Acute syphilitic gastritis in 34-year- 
old woman with abdominal pain and vomiting. 
Large ulcers (arrows) can be seen in the antrum. 


arrows) within the epithelium of a gastric gland. Note intraepithelial abscess (straight arrow). gl = 


gland lumen (silver stain). 





tric ulcer disease, gastric carcinoma, caustic ingestion, and 
tuberculosis. Radiographically, the finding that distinguishes 
this lesion from carcinoma is that a malignant stricture clas- 
sically has a sharper “shoulder” at the margins of a short 
isthmus rather than the more gradual transition from a long 
isthmus seen in syphilis [3] (Fig. 4). 

More commonly, the gastric narrowing associated with the 
late stages of syphilis is seen in the antrum, causing a 
funnel-shaped deformity and often extending across the 
pylorus. Marked abnormality can persist even after appro- 
priate treatment (Fig. 5). The appearance may mimic gastric 
Crohn’s disease, resembling the “shofar” or “ram’s horn” 
configuration described by Farman et al. [7]. Other diseases 
causing granulomatous inflammation, such as sarcoidosis, 
amyloidosis, and eosinophilic gastritis, may also cause simi- 





Fig. 3.—Tertiary syphilis in 63-year-old 
woman with weight loss, epigastric fullness, 
and vomiting. 

A, Nearly lateral radiograph of the stomach 
shows deformity of the posterior wall by a mass 
lesion (arrows). These findings suggest forma- 
tion of a gumma, a subacute inflammatory 
lesion that may be seen in the early stages of 
tertiary syphilis. GE = gastroesophageal junc- 
tion. 

B, Left posterior oblique radiograph shows 
two concentric narrowings (arrowheads) in 
body of the stomach. Although considered a 
classic finding by early authors, such a mani- 
festation is seen in only 20% of patients with 
late-stage gastric syphilis. The narrowing may 
progress distally to involve antrum and pylorus, 
as shown in Fig. 5, or may infiltrate the entire 
stomach, mimicking scirrhous carcinoma. 


lar antral lesions. If untreated, the mural infiltration may 
progress to involve the entire stomach, causing fibrosis and 
shrinkage (Fig. 6). The resulting /initis plastica appearance is 
difficult to distinguish from scirrhous carcinoma [3]. Once the 
fibrosis of late-stage gastric syphilis becomes manifest, it is 
typically difficult to detect organisms in biopsy specimens. 

Like tuberculosis, syphilis has long been recognized as a 
great mimicker of other diseases. It is an entity that has 
become unfamiliar to an entire generation of physicians, but 
recent demographic data suggest that it will be an increas- 
ingly frequent clinical challenge. Although uncommon, the 
features of syphilis in the stomach should be recognized, as 
they can provide a window of opportunity for treatment 
before the disease progresses and causes permanent 
disability. 
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Fig. 4.—A and B, Concentric antral lesions of 
gastric carcinoma (A) and gastric syphilis (B). 
Radiographs show characteristic abrupt transi- 
tion at the proximal and distal extent (arrows) of 
lesion in carcinoma (A), as opposed to the more 
smooth narrowing (arrowheads) in syphilis (B). 





A 


Fig. 5.—Antral deformity after treatment of 
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Fig. 6.—A and B, Antral narrowing of Crohn’s disease of the stomach (A) vs gastric syphilis 


tertiary syphilis (same patient as Fig. 3, 6 (B). Radiographs show little distinction between appearance of stomach in adolescent with 
months later). Radiograph shows smooth antral regional enteritis (A) and adult with tertiary syphilis (B). 


tapering. Inflammation and subsequent defor- 
mity extended distally from mid-portion of stom- 
ach. In this case, the appearance is suggestive 
of the “ram’s horn” or “shofar” configuration 
described by Farman et al. [7] in Crohn’s dis- 
ease of stomach. 
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Cathode Rays and Controversy 


Ronald L. Eisenberg! 


One hundred years ago, Heinrich Rudolf Hertz demonstrated that 
cathode rays could pass through a thin metal foil of gold, silver, or 
aluminum. His pupil, Philipp Lenard, exploited his teacher's discov- 
eries by constructing a vacuum tube with a thin (0.00265 cm) alumi- 
num window sealed in the glass wall of the bulb at a point where the 
cathode rays were focused. By using a few particles of fluorescent 
potassium phosphate, on October 12, 1892, Lenard observed that 
the cathode rays not only penetrated through the window but also 
traveled several inches in free air [1]. Although the cathode rays 
were invisible, their effects could be studied with fluorescent sub- 
stances and they could darken a photographic plate securely pro- 
tected by a lightproof holder. 

Lenard did not realize that the cathode rays, after passing 
through the aluminum window, were mixed with an abundance of 
another kind of ray. At the time, he was unaware that he was making 
“X-ray pictures.” 

Years later, however, Lenard became embroiled in a bitter contro- 
versy as to whether he, rather than Roentgen, should be honored as 
the discoverer of X-rays. Lenard initially respected and admired 
Roentgen and sent him a letter of congratulations on “your great dis- 
covery” [2]. In turn, Roentgen acknowledged the work of Lenard and 
Hertz in his famed Würzburg lecture. Roentgen and Lenard even 
shared two prestigious physics prizes, in Vienna in 1896 and in 
Paris a year later. 

Lenard’s unquenchable animosity began when Roentgen alone 
was awarded the first Nobel prize in physics in 1901. Feeling himself 
betrayed, Lenard proclaimed himself the true discoverer of the X- 
ray. Almost 70 years later, it was revealed that the Advisory Commit- 
tee of the Swedish Academy of Sciences recommended that the 
prize be divided equally between Roentgen and Lenard. However, 
the full Academy disregarded this recommendation, since the late 
Nobel had specified that it be given only to the single most distin- 
guished scientist of the year. The decision was unanimous in favor 
of Roentgen [3]. 

Even after being awarded his own Nobel prize in 1905, Lenard’s 
animosity continued unabated. Among his statements downgrading 
Roentgen’s efforts while glorifying his own is the following [2]: 

| am the mother of the x-rays. Just as a midwife is not 
responsible for the mechanism of birth, so is Roentgen not 
responsible for the discovery of x-rays, which merely fell into 
his lap. All Roentgen had to do was push a button, since all the 
groundwork had been prepared by me. 

In effect, Lenard claimed that anybody could have discovered X- 
rays after his (Lenard’s) work on cathode rays. However, Lenard 
never gave a satisfactory explanation as to why he himself had not 
accomplished this task. In addition, he never mentioned that the so- 
called Lenard tube was actually based on Hertz’s work. 

Roentgen’s reaction was philosophical. As he wrote to his friend 
Zehnder, “Well, dear heaven, the envious are never lacking when 
something occurs as with me. That is always the case” [4]. 





Philipp Lenard (1862-1947) 


Lenard’s unbridled hatred of Roentgen climaxed during the time 
of his (Lenard’s) commanding position in the Nazi hierarchy of sci- 
entists. In his four-volume work on German physics, there is no 
mention of Roentgen (or Einstein) in the text, but the foreword is a 
lengthy diatribe against the Jews. The implication, drawn by many 
persons in Germany, was that Roentgen was a Jew. When asked 
about this by American radiologist Lewis Etter, Lenard replied “No, 
but he was a friend of Jews and acted like one” [2]. 

The final chapter in the controversy occurred at the time of the 
50th anniversary of Roentgen’s discovery. The Physical Medical 
Society of Würzburg applied to the Nazi Minister of Post and Tele- 
graph for a memorial stamp to be made in honor of Roentgen, simi- 
lar to those issued for other famous scientists. The minister 
(Ohensorg), a physicist and student of Lenard, rejected the request, 
saying that the proposal was not in order since such an honor was 
reserved “only for the illustrious” [2]. The first German stamp honor- 
ing Roentgen was not issued until 1952. 
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Case Report 





Leukemic Infiltration of the Gallbladder Wall Mimicking 


Acute Cholecystitis 


David E. Finlay, ! Steven L. Mitchell, Janis Gissel Letourneau, and Deborah G. Longley 


The sonographic findings of gallbladder wall thickening, 
hypoechoic zones within the gallbladder wall, and perichole- 
cystic fluid are nonspecific for, but are often present in, acute 
cholecystitis. We report a case of leukemic infiltration of the 
gallbladder wall that mimicked acute cholecystitis both 
clinically and on imaging studies. 


Case Report 


A 35-year-old man had bone marrow transplantation for acute 
lymphoblastic leukemia. He did well after transplantation, except 
that graft-vs-host disease of the skin developed. A recent bone mar- 
row aspirate indicated clinical remission. He was admitted 2 months 
after transplantation with fever and pain in the right upper quadrant. 
Although blood cultures yielded gram-positive cocci, routine labora- 
tory studies did not localize the source of infection. WBC count was 
3.5 x 10°% with a normal differential count. Levels of hepatic 
enzymes, serum bilirubin, and coagulation parameters were all ele- 
vated. Findings on chest and sinus radiographs were normal. 

CT 2 days after admission revealed an abnormal, septated area 
of fluid density around the gallbladder lumen (Fig. 1A). Sonography 
showed a diffusely thickened gallbladder wall containing hypoechoic 
zones (Fig. 1B). it was uncertain whether these findings repre- 
sented pericholecystic fluid in addition to wall thickening. Maximal 
tenderness was elicited by direct pressure of the transducer over 
the gallbladder. No biliary dilatation or gallstones were present. 
Hepatobiliary scintigraphy (not shown) with disofenin (Hepatolite, 
Du Pont, Billerica, MA) showed no biliary excretion of radiotracer, 
and the gallbladder was not visualized. 

The patient had cholecystectomy on the fourth day after admis- 
sion for presumptive acalculous cholecystitis. Gross pathologic 


examination revealed a distended gallbladder with evidence of hem- 
orrhage seen on both the serosal and mucosal surfaces. Cut sec- 
tion of the gallbladder wall demonstrated intramural hemorrhage as 
well. No gallstones were present. Microscopic sections revealed 
leukemic infiltration involving the entire thickness of the gallbladder 
wall. 

Postoperatively, a severe coagulopathy developed with subse- 
quent pulmonary and renal failure. The patient died on the eighth 
day after surgery. 


Discussion 


Acute lymphoblastic leukemia is a neoplastic disease of 
unknown origin characterized by the proliferation of lympho- 
blasts in the bone marrow and in other hematopoietic organs 
[1]. Although symptoms usually result from bone marrow fail- 
ure, any organ can be involved by leukemic infiltration, even 
when the bone marrow aspirate is normal, as in our case [2]. 

Gallbladder involvement is rare in acute lymphoblastic 
leukemia [2], and the radiologic appearance of this entity has 
not been described previously. In our case, leukemic infiltra- 
tion of the gallbladder wall mimicked acute acalculous chole- 
cystitis both clinically and on imaging studies. Moreover, the 
morphologic appearance of the gallbladder at surgery was 
consistent with acute hemorrhagic cholecystitis, with the 
underlying diagnosis revealed only on microscopic examina- 
tion. A similar case was seen at this institution 1 year before 
the current case. Again, clinical signs and symptoms were 
consistent with cholecystitis. Sonograms and nuclear hepa- 
tobiliary scans were virtually identical to those in the current 
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case, showing a thickened gallbladder wall containing hypo- 
echoic zones and absence of radionuclide activity in the gall- 
bladder and biliary tree. Diagnosis of leukemic gallbladder 
infiltration was made only on microscopic examination of the 
resected specimen. 

In patients who have had bone marrow transplantation, 
the gallbladder frequently appears abnormal on imaging 
studies, most commonly demonstrating discrete echogenic 
nonshadowing luminal foci or masses (sludge) and gallblad- 
der wall thickening on sonography [3]. Graft-vs-host disease 
has also been known to involve the gallbladder and can 
result in similar findings [3]. Often compounding the clinical 
picture are the superimposed effects of parenteral hyperali- 
mentation and hepatotoxic medications, which can also be 
associated with gallbladder wall thickening. Consequently, 
gallbladder wall abnormalities seen with sonography or CT 
may result from a variety of pathologic conditions in bone 
marrow transplant recipients. 
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Fig. 1.—A, CT scan shows area of 
fluid density containing septa (arrow), 
which surround gallbladder lumen 
(arrowhead). 

B, Sonogram shows a diffusely 
thickened gallbladder wall containing 
numerous hypoechoic zones (arrows). 
The presence of pericholecystic fluid 
was thought to be possible. 


A leukemia patient with clinical and imaging evidence of 
gallbladder inflammation but without gallstones will usually, 
and appropriately, be thought to have acalculous cholecysti- 
tis [4]. However, as this case shows, leukemic infiltration of 
the gallbladder wall may closely mimic acalculous cholecys- 
titis and should be considered a diagnostic possibility. 
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Diagnosis of Arteriogenic 
Impotence: Efficacy of Duplex 
Sonography as a Screening Tool 





OBJECTIVE. The results of duplex sonography of the cavernosal artery were com- 
pared with the results of pharmacoarteriography in a series of impotent men in order 
to assess the validity of sonography as a screening tool for the diagnosis of arterio- 
genic impotence. 

SUBJECTS AND METHODS. Duplex sonography was performed in 30 impotent 
men after intracavernosal injection of papaverine and phentolamine. Maximal accel- 
eration, peak systolic velocity, and resistive index were determined for the cavern- 
osal artery. All patients had selective pharmacoarteriography and cavernosometry, 
which were used to diagnose arterial disease (bilateral hemodynamically significant 
stenoses or occlusions), suspected arteriolar dysfunction (inconspicuous helicine 
arterioles), or venoocclusive insufficiency (pharmacologic maintenance erectile flow 
greater than 25 mi/min). Seventeen patients had arterial insufficiency, four had arteri- 
olar dysfunction, and nine had no significant arterial disease. 

RESULTS. Significant differences in Doppler measurements were found between 
patients without significant arterial disease and those with arterial insufficiency, 
including peak systolic velocity (50 + 25 cm/sec vs 33 + 17 cm/sec, p = .04), accelera- 
tion (524 + 261 cm/sec? vs 199 + 111 cm/sec”, p < .001), and resistive index (88 + 12% 
vs 73 + 11%, p = .002). Differences were also noted between the group without signifi- 
cant arterial disease and the group with arteriolar dysfunction. When peak systolic 
velocity of less than 25 cm/sec or acceleration less than 400 cm/sec? was used as an 
indication of inadequate arterial patency, the sensitivities were 35% and 100%, the 
specificities were 61% and 46%, and the negative predictive values were 42% and 
100%, respectively, in the diagnosis of arterial insufficiency. 

CONCLUSION. Duplex sonography of the cavernosal arteries may be a useful 
screening tool in patients with suspected arteriogenic impotence only when accelera- 
tion is evaluated in addition to peak systolic velocity. The specificity of the method 
may be partially limited by the inability to distinguish between arterial and arteriolar 
disease. 
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Penile vascular catheterization (pharmacoarteriography and pharmacocaverno- 
sometry) is widely regarded as the gold standard in the diagnosis of vasculogenic 
impotence [1, 2]. However, the expense, small risk, and mild discomfort associ- 
ated with these procedures have stimulated interest in less invasive methods to 
detect those patients who would benefit from the procedure. Nocturnal penile 
tumescence testing [3], the penile brachial index [4], and response to intracavern- 
osal injection of papaverine [5] have been considered as potential screening tools. 
Duplex sonography of the cavernosal arteries has received considerable attention 
since its description in 1985 by Lue et al. [6]. Diminished peak systolic velocity 
(PSV) and elevated end-diastolic velocity (EDV) are currently used as indexes of 
arteriogenic and venogenic impotence, respectively [7, 8]; at some centers, the 
decision to perform vascular catheterization is based on the results of such 
studies [9]. Despite the popularity and appeal of penile sonography, the validity of 
accepted velocity thresholds, and of the technique in general, has not been thor- 
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oughly appraised. We performed a prospective study com- 
paring duplex sonography of the cavernosal arteries with 
pharmacoarteriography in order to assess the validity of 
sonography as a screening tool for arteriogenic impotence. 


Subjects and Methods 


Between August 1990 and March 1992, 30 consecutive impotent 
men referred for initial evaluation of erectile dysfunction had penile 
vascular catheterization and duplex sonography of the cavernosal 
arteries. All patients had a history of at least 9 months of inability to 
achieve erections adequate for intercourse. There was no clinical 
evidence of an isolated neurogenic cause of impotence in any 
patient. Serum testosterone was normal in the seven patients in 
whom results were available. The patients were 17~70 years old 
(mean, 51 years). Risk factors for arterial disease included a history 
of tobacco use in 11, diabetes in one, and pelvic trauma in three. 
Erectile dysfunction had been present since puberty in two patients. 
Noninvasive studies of erectile function had been performed previ- 
ously in some cases, but were not considered a prerequisite to 
angiography. Duplex sonographic studies had been obtained by 
referring physicians in some cases, but to our knowledge, such 
studies had not been used to screen patients before referral. 

Vascular catheterization was performed in a single outpatient 
session as previously described [1, 10, 11]; local anesthesia and IV 
sedation were used. Oblique pelvic arteriograms were obtained to 
detect aortoiliac disease and to guide selective catheterization. 
Oblique internal pudendal arteriograms were obtained with an ultra- 
long reverse-curve catheter [12] placed in the mid internal pudendal 
artery with twofold magnification and film-screen technique. An in- 
tracavernosal injection of 60 mg of papaverine (Eli Lilly, Indianapo- 
lis, IN) and 1 mg of phentolamine (Regitine, CIBA Pharmaceuticals, 
Summit, NJ) was given 2-3 min before arteriography to enhance 
opacification of the penile arteries. Venous outflow was reduced by 
applying a tourniquet around the base of the penis during and for 1 
min after injection in order to prevent immediate washout of agents 
from the corpora. Additional projections were obtained when penile 
vessels were obscured because of overlap on the initial films. Stud- 
ies were bilateral unless the initial arteriogram was clearly normal or 
clearly showed significant bilateral disease. Arteriograms were inter- 
preted by an experienced vascular radiologist who had no knowl- 
edge of the sonographic results. Arteriograms were inspected for 
variant arterial anatomy, multiplicity of cavernosal arteries, and 
extent and hemodynamic significance of arterial disease. In addi- 
tion, the number and size of helicine arterioles were assessed. 

The venoocclusive mechanism was evaluated by using the phar- 
macologic maintenance erectile flow method [10]. After intracavern- 
osal injection of 60 mg of papaverine and 1 mg of phentolamine, 
normal saline was infused into the corpora cavernosa through a 21- 
gauge needle, and intracavernosal pressure was recorded simulta- 
neously through a second needle. The pharmacologic maintenance 
erectile flow was defined as the steady-state flow rate at which intra- 
cavernosal pressure was maintained at 150 mm Hg. 

Duplex sonography of the cavernosal arteries was performed in 
all patients either immediately after arteriography (15 patients) or as 
a separate procedure within 2 weeks after arteriography (15 
patients). The technique for intracavernosal injection in both groups 
was as described earlier. Sonography was performed with an Acu- 
son 128 unit (Acuson, Inc., Mountain View, CA) with a 7.5-MHz B- 
mode imager and pulsed Doppler probe with real-time spectral anal- 
ysis. Color Doppler imaging enabled rapid detection of cavernosal 
arteries and was helpful in obtaining a suitable angle of insonation 
(always <60°) for accurate angle-corrected velocity calculations. 
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Images were recorded on hard-copy film (3-M Image Manager, Min- 
neapolis, MN) for subsequent analysis. PSV, EDV, resistive index 
(RI), and acceleration (PSV — EDV}/pulse rise time) were deter- 
mined for both cavernosal arteries. In the first 15 patients, Doppler 
analysis was begun 5 min after injection of the vasodilators for arte- 
riography, and several samples were obtained over the next 8-37 
min (mean, 15 min). In the remaining 15 patients, dynamic scanning 
was started within 2 min after injection of the vasodilators and con- 
tinued for 13-51 min (mean, 37 min). In the latter group, scanning 
was continued until the spectral waveform remained unchanged. 
Mean values of the various Doppler measurements for each patient 
were calculated by averaging the maximal values obtained in the 
right and left cavernosal arteries during the entire scanning period. 
Patients were observed after the procedure to ensure that penile 
detumescence was complete. 

Arteriograms and duplex sonograms were obtained and inter- 
preted independently. Arterial insufficiency was defined as the pres- 
ence of bilateral hemodynamically significant stenoses (indicated by 
>75% reduction in luminal diameter or by opacification of collateral 
vessels) or occlusions from the internal iliac to cavernosal arteries. 
Arteriolar dysfunction was suspected when helicine arterioles were 
very narrow or inconspicuous despite well-demonstrated patency of 
proximal arteries and intracavernosal pressure less then 35 mm Hg 
at the time of arteriography. Venoocclusive dysfunction was defined 
as a pharmacologic maintenance erectile flow greater than 25 ml/ 
min [1]. 

Results are expressed as mean + SD. Mean flow measurements 
were compared between patients with early and dynamic scanning 
by using the unpaired t-test. Mean flow measurements were com- 
pared among the various diagnostic groups by using one-way anal- 
ysis of variance with post hoc testing (SYSTAT Statistical Package, 
Evanston, IL). 


Results 


Of the 30 patients examined, nine had no significant arte- 
rial disease, 17 had arterial insufficiency diagnosed on the 
basis of arteriographic findings (10 of whom had coexistent 
venoocclusive insufficiency), and four had arteriolar dysfunc- 
tion (two of whom had coexistent venoocclusive insuffi- 
ciency). The sites of arterial disease were the internal iliac (n 
= 2), internal pudendal (n = 7), common penile (n = 14), and 
cavernosal (n = 8) arteries. In 11 patients, accessory cavern- 
osal arteries were detected in addition to the main left and 
right arteries; six of these patients had no significant arterial 
disease and five had arterial insufficiency. 

The results of arteriography and duplex sonography for 
patients who had early scanning (n = 15) and dynamic scan- 
ning (n = 15) are compared in Table 1. No significant differ- 
ences in mean values were noted between patients scanned 
immediately after arteriography and those examined with 
dynamic scanning at another time. The distributions of mean 
values of Doppler measurements for individual patients in 
the three diagnostic groups are given in Figure 1. Compared 
with patients without significant arterial disease, patients 
with arterial insufficiency had lower mean acceleration (p < 
.001), mean PSV (p = .04), and mean RI (p = .002). Signifi- 
cant differences were also found between patients without 
significant arterial disease (Fig. 2) and those with suspected 
arteriolar dysfunction (Fig. 3) for PSV (p = .01), acceleration 
(p = .001), and RI (p = .03). 
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TABLE 1: Correlation of Results of Duplex Sonography and 
Pharmacoarteriography in Impotent Men 


Results of Duplex Sonography 


Peak 
Results of Arteriography Systolic Acceleration Resistive 
Velocity  (cm/sec*) Index (%) 
(cm/sec) 
No significant arterial disease 
Early scanning (n=5) 58 + 33 497 +336 82+12 
Dynamic scanning (n=4) 40+6 559+166 96+4 
Total (n=9) 50+25 524+261 88+12 
Arterial insufficiency 
Early scanning (n=8) 32+14 2134132 70+8 
Dynamic scanning (n=9) 33 + 21 188 + 95 76413 
Total (n=17) 383417 199+111 TIET 
Arteriolar dysfunction 
Early scanning (n=2) 22+2 184 + 38 755 
Dynamic scanning (n=2) 16+6 126+106 72+9 
Total (n=4) 19+5 155 +73 73 +9 


m 


Note.—Values are mean + SD. Early scanning was performed for a limited 
time immediately after arteriography. 
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Statistical analysis of these data in which previously 
defined [6] and newly established thresholds for the various 
parameters were used is given in Table 2. 


Discussion 


The results of our study challenge the validity of current 
standards used in duplex sonography for the diagnosis of 
arteriogenic impotence. When the widely accepted threshold 
for normal PSV in the cavernosal artery (>25 cm/sec) was 
used, the sensitivity and overall accuracy of the technique 
were surprisingly low in detecting significant arterial disease. 
In more than half the patients with significant disease by 
arteriography, the mean PSV was greater than 25 cm/sec. 
Importantly, PSV could not be used to distinguish patients 
with arterial disease from those with narrowing of helicine 
arterioles, who were suspected of having arteriolar 
dysfunction. 

We found that acceleration in the cavernosal artery was a 
more sensitive predictor of arterial insufficiency than PSV, 
although the specificity was low. Other investigators also 
have found that acceleration correlates well with the results 
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Fig. 1.—A-C, Graphs show distribution of mean maximal flow measurements in cavernosal arteries for patients with no significant arterial disease 
(normal), central arterial insufficiency (arterial), and arteriolar dysfunction (arteriolar). Duplex sonography was used to determine peak systolic velocity 


(A), acceleration (B), and resistive index (C). 


Fig. 2.—Patient with normal supply to penile 
artery. Selective magnification right internal pu- 
dendal arteriogram after intracavernosal injec- 
tion of vasodilators shows widely patent 
internal pudendal, common penile, dorsal, and 
cavernosal arteries. Note prominent opacifica- 
tion of helicine arterioles (arrow). Mean Doppler 
measurements were peak systolic velocity, 52 
cm/sec; end-diastolic velocity, 16 cm/sec; ac- 
celeration, 459 cm/sec?; and resistive index, 
69%. 


Fig. 3.—Patient with arteriolar dysfunction. 
Selective left internal pudendal arteriogram af- 
ter intracavernosal injection of vasodilators 
shows widely patent central arteries but virtual- 
ly no opacification of helicine arterioles. At du- 
plex sonography, mean Doppler measurements 
were peak systolic velocity, 20 cm/sec; acceler- 
ation, 211 cm/sec?; and resistive index, 78%. 
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TABLE 2: Efficacy of Duplex Sonography in the Diagnosis of Arterial insufficiency, and of Either Arterial Insufficiency or Arterioiar 


Dysfunction, in Impotent Men 








Sensitivity Specificity Accuracy Positive Negative 
Threshold Value (%) (%) (%) Predictive Value (%) Predictive Value (%) 
Arterial insufficiency only 
Peak systolic velocity < 25 cm/sec 35 61 47 55 42 
Acceleration < 400 cm/sec? 100 46 77 71 100 
Resistive index < 80% 82 46 67 67 67 
Arterial insufficiency or arteriolar dysfunction 
Peak systolic velocity < 25 cm/sec 48 89 60 91 42 
Acceleration < 400 cm/sec* 100 67 90 88 100 
Resistive index < 80% 86 67 80 86 67 





Note.—All values are percentages. 


of arteriography and is a more accurate indicator than PSV . 
of the degree of pharmacologically induced erection [13-15]. 
Upstream stenoses may cause a slower rate of rise of the 
transmitted pressure pulse (the “parvus and tardus” pulse), 
reflected in a lower acceleration. This pattern has been 
described as a sign of proximal disease in the carotid artery 
[16]. The hemodynamics of the cavernosal artery are not 
entirely analagous to the hemodynamics of the carotid arter- 
ies, particularly because of the nature of the collateral circu- 
lation. Nonetheless, we found measurement of acceleration 
in the cavernosal artery useful for detecting proximal arterial 
disease. In our study, a threshold acceleration of 400 cm/ 
sec? had a sensitivity of 100%, a specificity of 46%, and an 
accuracy of 77% in the detection of significant arterial dis- 
ease. The specificity and accuracy improved if low flow mea- 
surements were considered to be diagnostic of either arterial 
or arteriolar disease. 

The Ri appeared to be a sensitive predictor of arterial dis- 
ease in this study. However, we doubt its diagnostic useful- 
ness because we cannot provide a rational explanation for 
its value in the assessment of the penile vascular system. 
Because the RI reflects blood flow in the artery and resis- 
tance in the distal circulation (helicine arterioles, cavernosal 
lacunae, and draining venules), both arterial disease and 
venoocclusive insufficiency will affect the RI. In accord with 
our previous experience [1], we found that a large fraction of 
patients with arteriogenic impotence had coexistent venooc- 
clusive disease. Thus, we cannot explain the high sensitivity 
of the RI for the detection of arterial disease despite large 
differences in venoocclusive function. 

We have recently postulated that disease of the helicine 
arterioles may contribute to erectile dysfunction in some 
patients [17]. We suspect arteriolar dysfunction when the 
helicine branches are poorly seen on magnification arterio- 
grams despite good visualization of the penile arteries. 
Although the existence of arteriolar disease as a cause of 
impotence has yet to be proved, we cannot easily dismiss 
these arteriographic findings, which were clearly present in a 
small group of patients. Narrowing of the helicine arterioles 
may have an important functional component in many cases 
and may result from a number of extrinsic or intrinsic factors 
(e.g., drug or tobacco use, anxiety, increased sympathetic 


tone). In such patients, increased resistance from arteriolar 
disease could reduce flow in the cavernosal artery. PSV and 
acceleration were diminished in all four patients with sus- 
pected arteriolar dysfunction despite normal proximal arter- 
ies. Findings in these four patients constituted the majority of 
false-positive diagnoses of arterial insufficiency based on 
duplex sonography. 

Our results are in conflict with several recently published 
preliminary studies [6-8] that conclude that duplex sonogra- 
phy may be a sensitive and accurate tool for the diagnosis of 
arteriogenic impotence. Although a range of PSV values has 
been observed in volunteers without erectile dysfunction 
[18], the range of velocities in patients with arterial insuffi- 
ciency is unknown. Our results show significant variability in 
PSV for patients with known arteriogenic impotence. Direct 
correlation between the results of pharmacoarteriography 
and the results of duplex sonography has been favorable in 
three studies [8, 19, 20] and unfavorable in one [21]. How- 
ever, the three series with positive correlations had impor- 
tant limitations. These studies involved direct comparison 
between sonographic and arteriographic findings in some- 
what smaller groups of patients (12 to 25 subjects). Selec- 
tion bias may have been present because arteriograms were 
not routinely obtained in patients who had normal PSV val- 
ues shown by duplex sonography in any study. In addition, it 
is difficult to be certain that all arteriograms were obtained by 
using optimal selective magnification techniques. In fact, the 
lack of optimal techniques for arteriography, cavernosome- 
try, and sonography may limit most studies that compare 
these techniques. 

Several factors may contribute to the inaccuracy of Dop- 
pler measurements of the cavernosal artery as predictors of 
significant arterial disease: (1) The accuracy of flow veloci- 
ties calculated from Doppler shift frequencies is dependent 
on an optimal angle of insonation. (2) If Doppler sampling is 
obtained at a site of cavernosal artery stenosis, velocity 
measurements may not suggest the presence of disease. 
For example, one patient in our study with a focal stenosis of 
the mid cavernosal artery seen at arteriography had a PSV 
of 28 cm/sec in the proximal cavernosal artery. One minute 
later, the PSV at the site of the stenosis was 140 cm/sec. (3) 
Multiple cavernosal arteries are found in many patients. 
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When sonography is used, the extent of more proximal! dis- 
ease may be overestimated if nondominant arteries with 
slow flow are sampled. (4) When intracavernosal pressure 
rises spontaneously above about 35 mm Hg after injection of 
vasodilators, filling of cavernosal arteries and helicine arteri- 
oles may be impeded. Blood flow measurements in this situ- 
ation may be spuriously diminished. (5) A patient’s anxiety 
may cause marked functional alterations in flow in the caver- 
nosal arteries. Some of these potential pitfalls may be elimi- 
nated by meticulous attention to technique, use of color 
Doppler scanning, and correlation of results with the degree 
of penile rigidity. 

Recent investigations in potent [22] and impotent [23] men 
have emphasized the dynamic nature of blood flow in the 
cavernosal artery after pharmacologic relaxation of the cor- 
pora cavernosa. Although systolic and diastolic flow is maxi- 
mal within the first 5 min after injection in most subjects [23], 
maximal peak velocity occurs later in a small percentage of 
men. We observed a wide range in the time required to 
reach maximal systolic velocity and acceleration. Although 
we did not specifically evaluate the changing spectral pat- 
terns in patients, we used the maximal Doppler measure- 
ments obtained during the entire scanning period to 
calculate mean values. 

In the first 15 patients in our study, scanning was per- 
formed for a short interval immediately after arteriography. In 
the last 15 patients, prolonged dynamic scanning was per- 
formed at a separate sitting. We cannot entirely dismiss the 
possible effects of arteriography on cavernosal artery flow 
measurements, especially functional changes that might 
result from the mild discomfort that some patients experi- 
ence during contrast injection. However, the absence of sig- 
nificant differences in results between these two groups 
(Table 1) supports the validity of our findings. In addition, we 
analyzed the results in patients who had prolonged scanning 
and found that no errors in diagnosis would have been made 
if scanning time had been limited to 10 min. Indeed, three 
errors in diagnosis based on PSV would have been avoided 
(false-negative cases would have become true-positive 
cases). 

In conclusion, duplex sonography of the cavernosal arter- 
ies may not be a reliable screening tool for patients with sus- 
pected arteriogenic impotence when PSV alone is 
evaluated. The technique is more reliable when acceleration 
in the cavernosal artery is also measured. Thorough assess- 
ment of these Doppler parameters may improve the overall 
value of sonography as a diagnostic tool in these patients. 
Sonography may also play a role complementary to that of 
arteriography. For example, when the hemodynamic signifi- 
cance of a stenosis is difficult to establish from an optimal 
arteriogram, duplex scanning may provide some evidence 
for the significance of disease. Finally, we postulate that 
arteriolar dysfunction may be a component of impotence in 
some patients and may be suspected when acceleration and 
PSV are diminished on duplex studies and helicine arterioles 
are inconspicuous at pharmacoarteriography despite patent 
arteries. 
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Book Review 


Diagnostic Imaging in Infertility, 2nd ed. By Alan C. Winfield and Ann Colston Wentz. Baltimore: Williams & 


Wilkins, 301 pp., 1992. $85 


Imagine this television advertisement of the future: A woman is 
lying on the kitchen floor: “Help, I'm infertile, and | can’t get preg- 
nant....” The woman pushes a button on the “key chain of life,” and 
in rushes a radiologist, sonographic probe in one pocket, contrast 
material in the other. Behind the radiologist is a staff ready to help 
and with years of experience to offer. Farfetched? Perhaps, but the 
desperation is genuine, as is the need for imaging specialists to be 
prepared to offer consultative diagnoses and tests in, at times, truly 
emergent situations, as biological clocks tick on, further narrowing 
the pregnancy window. 

Pinpointing the cause or causes of “not getting pregnant” is one 
of the more artful aspects of medical practice. That art is enhanced 
by the radiologists palette of tests, with the expanding array of 
options now approaching the choices in a new crayon box (even 
color sonography). Where do we start? What test should be used 
first? Where does a workup begin? What are the risks and benefits 
of different tests? What can these tests do to help the infertile 
couple? 

The guiding forces in this text are the principal authors: Dr. Win- 
field from the Department of Radiology and Radiological Sciences, 
Vanderbilt University Medical Center, and Dr. Wentz from the 
Department of Obstetrics and Gynecology, Northwestern University 
School of Medicine. These recognized experts from two different 
fields give the reader a dual perspective, blending imaging and 
interpretation with insightful clinical knowledge. As the foreword 
notes, “teamwork” and “collaboration” in medicine usually result in 
improved care for patients. The list of contributors to this book 
reflects this team approach, which likewise benefits the reader, be 
the reader a radiologist or a gynecologist. Of the nine contributors, 
four are radiologists. 

The book has 14 chapters. The female half of the pregnancy 
equation gets the most attention in this publication: 12 chapters 
detailing female “problems” and imaging primarily and one chapter 
giving an overall view of infertility. Only the last chapter looks at the 
causes of infertility and the role of imaging in males. 

The only criticism | have of this fine text is that it has only 11 
pages on imaging males. The expanding urologic literature, espe- 
cially that on color Doppler sonography and use of papaverine vis-a- 
vis evaluation of male dysfunction, are not even mentioned, 
although this is now a hot topic. The technique and expectations of 


this imaging procedure would be of interest to radiologists who are 
consulted by colleagues who deal with patients who have sexual 
problems. Perhaps the next edition could also include more urologic 
input. 

For radiologists who occasionally obtain hysterosalpingograms, 
the initial chapter reviews the technique, choices of agents, risks, 
timing, and alternatives—all essential information for improving 
patient care. For those radiologists who are more experienced in the 
diagnostic imaging of infertility, the remaining chapters are equally 
important, as the chapters illustrate, with high-quality radiographs, 
examples of clinical findings, some common, some not so common. 
Information difficult to come by in large, less focused radiologic texts 
is included. The chapter devoted to hysteroscopy is important read- 
ing, even for radiologists, because it compares the findings of this 
“direct” visualization technique with the indirect findings of contrast 
studies. As the author states, hysteroscopy “complements and 
adds...accuracy. It does not replace the older (indirect) radiographic 
technique.” Again, the team approach, with radiologists and clini- 
cians interacting, helps guide the art in the therapy. Also, consis- 
tently, the illustrations are superb. 

The chapter devoted to transvaginal sonography is terrific read- 
ing, packing in virtually all anyone needs to know about the applica- 
tion of the technique. This includes invasive transvaginal needle 
aspiration, clues to subtle uterine abnormalities, and the use of 
measurements of endometrial thickness to predict the success of a 
pregnancy. This chapter also touches on using color Doppler sonog- 
raphy to evaluate corpus luteum function and the correlation of this 
function with pregnancy (although references to a superb body of 
original work from the United Kingdom would direct readers to more 
up-to-date information on the use of Doppler studies). The inclusion 
of the next chapter is a bit curious: it focuses on early pregnancy, a 
topic too large for this text perhaps. For definitive answers, those 
most likely involved with patients with infertility would refer questions 
about imaging to colleagues already expert in obstetric sonography. 

In summary, | highly recommend this text. It is a good purchase 
for libraries, residents, and radiologists in academia or private prac- 
tice. Buy it. Read it. Share it. 

Michael Crade 
Long Beach Memorial Medical Center 
Long Beach, CA 90801 
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Correlation of Duplex Sonography 
with Arteriography in Patients 
with Erectile Dysfunction 


OBJECTIVE. Our objective was to assess the accuracy of using measurements of 
peak systolic velocity in the cavernosal artery for the diagnosis of arteriogenic 
impotence. 

MATERIALS AND METHODS. Twenty consecutive men with erectile dysfunction 
had duplex sonography after intracavernosal injection of papaverine to induce an 
erection. Peak systolic velocities in the right and left cavernosal arteries were mea- 
sured by using Doppler sonography. Right and left selective penile arteriography was 
performed with low-osmolality contrast media after intracavernosal injection of pa- 
paverine and intraarterial tolazoline. On the basis of the angiographic findings, penile 
arterial function was classified as normal, moderately insufficient, or severely insuffi- 
cient. Doppler measurements of peak systolic velocity were correlated with arterio- 
graphic results. 

RESULTS. All 11 cavernosal arteries with peak velocities less than 25 cm/sec were 
associated with arterial disease, nine severe and two moderate. Thirteen of 17 caver- 
nosal arteries with peak systolic velocities 25-34 cm/sec were associated with arte- 
rial disease, five severe and eight moderate. Only one of the 12 cavernosal arteries 
with peak velocity at or greater than 35 cm/sec was associated with arterial disease. 

CONCLUSION. We conclude that peak systolic velocity in the cavernosal artery as 
measured on duplex sonography is an accurate predictor of arterial disease in 
patients with erectile dysfunction. A peak systolic velocity of at least 35 cm/sec indi- 
cates normal arterial supply. At peak systolic velocities less than 35 cm/sec, the like- 
lihood and severity of arterial disease increase as the peak systolic velocity 
decreases, with a peak velocity less than 25 cm/sec indicating a high likelihood of 
severe arterial disease. 
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The hemodynamic function of the penis can be evaluated by performing duplex 
sonography before and after injection of a vasoactive pharmacologic agent, such 
as papaverine or prostaglandin E4, to induce an erection. After injection of one of 
these pharmacologic agents, the diameter of the cavernosal arteries and peak 
systolic blood-flow velocity can be used to predict the presence of arterial disease 
in patients with erectile dysfunction [1-5]. Measurement of the peak systolic 
velocity in the cavernosal arteries on duplex sonography reportedly correlates 
well with the presence or absence of arterial disease, but little has been published 
on the usefulness of duplex sonography for determining the extent or severity of 
arterial disease. In addition, it is not certain what peak systolic velocity represents 
the cutoff between normal and abnormal arterial flow. Proposed values include 
25, 30, 35, and 40 cm/sec [1-10]. 

Selective penile arteriography is the gold standard for diagnosing abnormalities 
of the arterial system [11-14]. The blood supply to the corpus cavernosum is 
derived from the internal iliac artery, which gives rise to the internal pudendal 
artery, which in turn supplies the common penile artery and ultimately the caver- 
nosal artery. Intracorporal injection of papaverine followed by selective injection of 
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the pudendal artery with Priscoline (tolazoline) and then con- 
trast material permits evaluation of the penile, cavernosal, 
and dorsal arteries on each side [13, 15]. Arterial stenoses 
and occlusions can be detected [15]. 

We used selective arteriography to assess prospectively 
the accuracy of duplex studies of cavernosal arteries for 
diagnosing the presence and severity of arterial disease in 
patients with erectile dysfunction. In addition, we determined 
the peak systolic velocity that most accurately predicted a 
normal arterial supply to the corpora cavernosa. 


Materials and Methods 


The study group consisted of 20 consecutive nondiabetic men 
19-57 years old (mean, 41 years) who had erectile dysfunction. All 
patients had normal results on physical examinations, including 
neurologic examinations, penile biothesiometry (examination to 
assess sensory neurologic integrity), and endocrine studies. 

Each patient was examined as follows. The penis was scanned 
with Acuson 128 and 128XP units with a 7-MHz linear transducer to 
look for abnormalities in the cavernosal tissue. A tourniquet was 
then placed at the base of the penis, and 45-60 mg of papaverine 
was injected into one corpus cavernosum. The tourniquet was 
removed 2 min after injection. Several Doppler spectral waveforms 
were obtained from each of the right and left cavernosal arteries 
during the 3-7 min after injection. The peak systolic velocity was 
measured from each spectral waveform; correction was made for 
the angle of incidence (Fig. 1). The highest peak systolic velocity for 
each cavernosal artery was used for the study. 

Each patient subsequently had arteriography of the distal aorta 
and pelvic arteries, followed by selective right and left internal 
pudendal arteriography. Selective angiography was performed after 
adequate sedation and the intracorporal injection of 60 mg of pa- 
paverine. Selective injection of 25 mg of tolazoline into the arterial 
catheter was followed immediately by injection of 10-15 ml of low- 
osmolality contrast medium. The 30° ipsilateral anterior oblique pro- 
jection (Fig. 2) was used for imaging [15]. 





Fig. 1.—Normal cavernosal artery. Duplex sonogram with Doppler gate 
placed over cavernosal artery (top) and spectral waveform (bottom). Cal- 
iper indicates peak systolic velocity is 38 cm/sec. Measurement is calcu- 
lated from Doppler shift, corrected for angle of long axis of cavernosal 
artery with respect to incident Doppler pulse. 
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Fig. 2.Normal selective internal pudendal angiogram. Subtraction 
angiogram of selective injection of left internal pudendal artery (IP) 
shows normal common penile (CP), dorsal penile (DP), and cavernosal 
(CA) arteries. Scrotal branches (S) and artery to bulb (B) are visualized 
also. 


The arterial supply to each side of the penis was classified on the 
basis of penile arteriography as follows: normal if the internal 
pudendal, common penile, and cavernosal arteries were normal or 
normal variants; moderate arterial disease if a single area of greater 
than 50% stenosis was found in the internal pudendal, common 
penile, or cavernosal artery; and severe arterial disease if one of the 
feeding arteries or the cavernosal artery was occluded or multiple 
stenoses greater than 50% involving both the feeding arteries and 
the cavernosal artery were found. The peak systolic velocity in the 
cavernosal artery was correlated with the angiographic classification 
of arterial patency. 


Results 


Forty cavernosal arteries were studied in 20 patients. 
Eleven of these had peak velocities of less than 25 cm/sec. 
None of the 11 was normal on angiography. Two (18%) of 11 
were associated with moderate arterial disease, and the 
other nine (82%) with severe arterial disease of the proximal 
feeding arteries, the cavernosal artery, or both. 

Ten cavernosal arteries had peak velocities of 25-29 
cm/sec. Two (20%) of these were normal on angiography, 
four (40%) were associated with moderate arterial disease, 
and four others (40%) with severe disease. 

Seven cavernosal arteries had peak velocities of 30-34 
cm/sec. Arteriography was normal in two (29%), showed 
moderate arterial disease in four (57%), and showed severe 
arterial disease in one (14%). 

Twelve cavernosal arteries had peak systolic velocities of 
35 cm/sec or greater. Of these, arteriography was normal in 
11 (92%) and showed severe arterial disease with compen- 
satory filling from the contralateral side in one (8%). 

Overall, as peak systolic velocity increased, the preva- 
lence of angiographically normal cavernosal arteries in- 
creased 0% when the peak velocity was less than 25 cm/sec 
to 92% with peak velocities of 35 cm/sec or greater, and the 
prevalence of severe arterial disease decreased from 82% 
with peak velocities of less than 25 cm/sec to 8% with peak 
velocities greater than 35 cm/sec. 
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Discussion 


impotence, defined as the inability to generate or maintain 
an erection adequate for sexual activity, results from organic 
disease in 50-90% of cases [16, 17]. Most of these cases 
are the result of hemodynamic dysfunction with arterial 
insufficiency and/or venous incompetence. Approximately 
30% of impotent patients with hemodynamic abnormalities 
have isolated arterial insufficiency. Another 50% have com- 
bined arterial insufficiency and venous incompetence [6]. 
Thus, arteriogenic factors can be found in approximately 
80% of men with impotence resulting from hemodynamic 
dysfunction [6, 18]. 

Treatment of arteriogenic impotence depends on the 
severity of arterial insufficiency. Patients with mild to moder- 
ate arterial impairment can be successfully treated with self- 
injection of vasoactive agents, such as papaverine, phento- 
lamine, or prostaglandin E, [4, 18]. Patients with severe 
arterial disease due to isolated occlusion of one or both 
feeding arteries to the penis can be treated with angioplasty 
or bypass surgery (15, 19, 20]. 

The diagnosis of arterial insufficiency of the penis can be 
established by using selective penile angiography [10-12, 
14]; however, this is an invasive procedure that is expensive 
and time-consuming, and may be painful. Duplex sonogra- 
phy is a useful technique for diagnosing hemodynamic 
abnormalities of the penis [1-10]. The consensus in the liter- 
ature is that the diagnosis of arteriogenic impotence is best 
determined by measuring the cavernosal arterial peak sys- 
tolic velocity after intracorporal injection of papaverine [1—10, 
16]; however, the cutoff values for peak velocity used to dis- 
tinguish normal from impaired arterial function vary greatly 
from 25 cm/sec up to 40 cm/sec [1-10]. A possible explana- 
tion for the broad range of proposed cutoff values is that 
studies evaluating the use of Doppler measurements have 
used a variety of standards for arterial function. In some 
studies, the arterial supply was defined as normal if the sub- 
ject was normally potent [7, 8]. In others, the erectile angle 
was measured [4-6], and, in others, intracorporal pressure 
[6, 7]. Furthermore, previous studies did not attempt to 
determine if peak systolic velocity measurements could be 
used to predict severity of disease. The goal of our study 
was to define the best cutoff value of the peak systolic veloc- 
ity for normal cavernosal arteries and to determine if mea- 
surements of peak systolic velocity can be used to assess 
the severity of disease. 

The results of our study, comparing measurements of 
cavernosal arterial peak systolic velocity with the results of 
selective penile arteriography, showed a good correlation 
between the peak systolic velocity and the presence and 
severity of arterial insufficiency. A peak systolic velocity of 35 
cm/sec or greater indicates normal arterial function. Most 
cavernosal arteries with peak velocities of 25-34 cm/sec 
have some impairment (76% in our study), and virtually all 
with peak velocities less than 25 cm/sec have some degree 
ot arterial impairment (100% in our study). The severity of 
disease also increases as peak velocity decreases: 14% 
severe disease with peak velocities of 30-34 cm/sec, 40% 
severe disease with peak velocities of 25-29 cm/sec, and 
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82% severe disease with peak velocities of less than 25 
cm/sec. 

in conclusion, our study indicates that the measurement of 
the cavernosal arterial peak systolic velocity is an accurate 
method for diagnosing arteriogenic impotence. The mea- 
surement can be used to predict the presence or absence of 
arterial insufficiency; a peak velocity of 35 cm/sec is the best 
discriminating cutoff value. if arterial disease is present, the 
severity of disease can be estimated from the peak systolic 
velocity. Moderate disease is likely if the peak systolic veloc- 
ity is 25-34 cm/sec, and severe disease is likely if the peak 
velocity is less than 25 cm/sec. 
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Transitional Cell Carcinoma 


Michael H. Lev and Felix S. Chew! 


A 48-year-old man with repeated episodes of gross hema- 
turia and a diagnosis of “stone disease” complained of left 
flank pain. An excretory urogram revealed a mass in the 
upper pole of the left kidney and irregular filling defects (Fig. 
1A). A contrast-enhanced CT scan showed the mass was 
within the collecting system (Fig. 1B). The bladder and ure- 
ter were normal, and results of cytologic examination of the 
urine were normal. After nephroureterectomy, a bulky, ses- 
sile, papillary tumor arising from the uroepithelium was 
found in the upper pole. Microscopy revealed focal invasion 
of the renal parenchyma, and the final pathologic diagnosis 
was papillary transitional cell carcinoma, grade 2/3. 

Papillary transitional cell carcinomas constitute the vast 
majority of renal pelvocaliceal tumors; only 7-8% of all 
malignant renal tumors are found in this location. The most 
remarkable etiologic factor in the occurrence of these uroep- 
ithelial tumors is exposure to industrial chemical carcino- 
gens, particularly o-aminophenols common in the dyestuff, 
rubber, cable, plastic, and gas industries. Abuse of phenace- 
tin, which is metabolized to an o-aminophenol and excreted 
in the urine, is also associated with these tumors [1]. 

The gross appearance of papillary transitional cell carci- 
nomas has been described as soft, bulky, tan-pink, translu- 
cent, and glistening, sometimes with an aborescent surface 
formed by a myriad of delicate filiform projections from the 
neoplastic epithelium [1, 2] (Figs. 1C and 1D). Because 


these mucosal tumors usually are sessile and exophytic, 
their imaging appearance is that of an intraluminal mass that 
distorts and sometimes obliterates or obstructs the lumen 
[3]. The filiform surface of the tumor results in an irregular, 
blurred interface with the administration of contrast material. 
Less commonly, the tumors are smooth and infiltrating or 
polypoid. Patients with tumors that obstruct the urinary tract 
may present when the tumors are small, but patients with 
tumors that do not obstruct the urinary tract may not present 
until the tumors are large. The tumors enhance on CT, but 
most are hypovascular on angiography [3]. 

Transitional cell carcinoma is more common in males, and 
the prevalence increases with age (average age at diagno- 
sis is 65 years). The most common signs and symptoms are 
gross hematuria and pain. Findings on urine cytology are 
false-negative in about 40% of such tumors in the renal pel- 
vis. Because of the likelihood of metachronous and synchro- 
nous lesions, treatment is usually total nephroureterectomy. 
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Fig. 1.— Transitional cell carcinoma. 
A, Excretory urogram shows infundibulum of upper pole distorted by mass with irregular surface. 

B, CT scan with IV contrast enhancement shows mass filling collecting system of upper renal pole and displacing the contrast-filled lumen (arrow). 
C, Coronally sectioned nephroureterectomy specimen shows a bulky lesion with an aboresecent, glistening surface. 

D, High-power photomicrograph shows a filiform projection. 
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Imaging of En Bloc Renal 
Transplants: Normal and Abnormal 
Postoperative Findings 


OBJECTIVE. Cadaveric kidneys from donors less than 5 years old, previously con- 
sidered inferior graft material, are now being successfully transplanted en bloc into 
children and adults. On the basis of our experience with 132 patients, we describe the 
general principles of the procedure and review the spectrum of normal and abnormal 
imaging findings in patients who have undergone this promising transplantation pro- 
cedure. 

MATERIALS AND METHODS. Paired cadaveric kidneys obtained from donors less 
than 5 years old (mean age, 24 months) were transplanted en bloc to 132 patients 
(mean age, 37 years) at our institution between 1981 and 1991. All available medical, 
surgical, pathologic, and imaging records were retrospectively reviewed to define the 
surgical technique, 1-year survival rate of the graft, appearance of the transplant on 
postoperative imaging studies, and the prevalence of and imaging findings caused 
by vascular, urinary, infectious, and neoplastic complications after transplantation. 
Complications were confirmed by a definitive imaging study, surgical exploration, or 
study of a pathologic specimen. 

RESULTS. Paired donor kidneys were transplanted en bloc extraperitoneaily into 
the recipient's right or left iliac fossa, with intact portions of the donor aorta and infe- 
rior vena cava anastomosed to the recipient’s external iliac artery and vein. One-year 
graft survival was 70% during the first 8 years of the study and 78% during the last 2 
years. Postoperative imaging, particularly sonography and scintigraphy, clearly 
depicted the normal individual kidneys, urinary collecting systems, and en bloc vas- 
culature. Postoperative complications were vascular (arterial stenoses and throm- 
boses, venous thromboses, and pseudoaneurysms) in 18%, urinary (obstruction and 
anastomotic leak) in 11%, infectious (caliceal funga! balls) in 1%, and neoplastic 
(posttransplant lymphoma) in 1%. The complications involved one kidney in 60% of 
the patients and both kidneys in 40%. The imaging findings caused by these compli- 
cations were similar to those caused by complications occurring after transplanta- 
tion of single cadaveric kidneys; however, their detection was more difficult because 
of the complexity of the en bloc graft. 

CONCLUSION. Because of the shortage of available donor organs, en bloc renal 
transplantation will most likely become increasingly popular. Familiarity with the 
imaging appearance of the normal transplant and of posttransplantation complica- 
tions will allow radiologists to perform effective postoperative imaging evaiuations. 
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Renal transplantation is the preferred treatment for most patients with end- 
stage renal disease [1-3]. Although the number of patients requiring renal trans- 
plantation increases annually, the number of renal transplantations done each 
year is limited by a chronic shortage of donor organs [4-8]. Although kidneys from 
children are considered by many surgeons to be inferior graft material, the 
increasing demand for donor organs has led to a reevaluation of the use of cadav- 
eric kidneys from young (<5 years old) donors [4, 8-11]. With advances in surgical 
techniques and the use of new immunosuppressive medications, children and 
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adults who have en bloc transplantation of paired cadaveric 
kidneys from young donors have a 1-year graft survival rate 
similar to that obtained with transplantation of single cadav- 
eric kidneys from adults [4, 9, 10]. On the basis of our expe- 
rience with 132 patients who received en bloc renal 
transplants of paired cadaveric kidneys from young donors, 
we describe the general principles of the procedure and the 
spectrum of imaging findings seen after transplantation. 


Materials and Methods 


Between January 1981 and November 1991, paired cadaveric 
kidneys from young donors were transplanted en bloc to 132 
patients at our institution. Of these 132 patients, 125 had complete 
preoperative and postoperative clinical records available for review. 
We retrospectively reviewed these records (medical, surgical, 
pathologic, and imaging) to ascertain the surgical technique used, 
define the imaging appearance of the graft after transplantation, and 
determine the prevalences and imaging appearances of vascular, 
urinary, infectious, and neoplastic complications after transplanta- 
tion. All complications were confirmed by a definitive imaging study 
(such as angiography in the case of vascular complications), surgi- 
cal exploration, or examination of a pathologic specimen. The fol- 
low-up period after transplantation ranged from 3 months to 10 
years, with at least 1-year follow-up in 72% of patients. Follow-up 
consisted of clinical examination and indicated imaging studies. We 
did not evaluate medical complications (rejection, acute tubular 
necrosis, recurrent disease, or immunosuppressant toxicity) or com- 
plications related to transplant biopsies, as these have no character- 
istics unique to the procedure we describe, occur with a prevalence 
similar to that reported for transplantation of a single cadaveric kid- 
ney from an adult (Jordan ML, personal communication), and have 
already been extensively reported in the radiologic literature pertain- 
ing to transplants from adults. 

The recipients consisted of 69 males and 63 females, 6-72 years 
old (mean, 37 years). All donors were less than 5 years old (mean, 





Fig. 1.—Drawing shows extraperitoneal location in right iliac fossa of 
en bloc transplant of cadaveric kidneys from a young donor. The donor 
aorta (straight arrow) and inferior vena cava (IVC, curved arrow) anasto- 
mose end-to-side to recipient’s external iliac artery and vein. Note over- 
sewn ends of donor aorta and IVC (arrowhead) and anterior location of 
ureters. 
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24 months). The immunosuppressive regimen for patients (n = 88) 
who received transplants between January 1981 and November 
1989 consisted of cyclosporine (Sandimmune; Sandoz, East 
Hanover, NJ) and prednisone (Deltasone; Upjohn, Kalamazoo, Ml) 
with or without azathioprine (Imuran; Burroughs Wellcome, 
Research Triangle Park, NC). For patients (n = 44) who received 
transplants after November 1989, the immunosuppressive regimen 
consisted of FK 506 (Fujisawa Pharmaceutical Company, Osaka, 
Japan) and prednisone. 

The imaging studies reviewed included renal sonograms from 89 
patients, °°" Tc-diethylenetriamine pentaacetic acid (°°"Tc-DTPA) 
renal scintigrams from 87, abdominal and pelvic CT scans from 23, 
excretory urograms from seven, cystograms or voiding cystoure- 
thrograms from 15, nephrostograms from two, angiograms from 
eight, and MR images from two. The imaging equipment used 
changed during the 10 years studied; however, since 1983, most 
sonograms were obtained with the Acuson Model 128 Computed 
Sonography system (Acuson, Mountain View, CA) with a 3.5- or 5- 
MHz transducer; renal scintigrams were obtained with a Siemens 
Orbiter 3700 Rotating Gamma Camera (Siemens Medical Systems 
Inc., Des Plaines, IL); and CT scans and MR images were obtained 
with a GE 9800 CT and 1.5-T Signa MR system, respectively (GE 
Medical Systems, Milwaukee, WI). 


Results 


Surgical Technique and Normal Postoperative Anatomy 


Paired cadaveric kidneys from young donors were har- 
vested en bloc with preservation of the ureters, main renal 
arteries and veins, and segments of suprarenal and infrare- 
nal abdominal aorta and inferior vena cava (IVC). Before the 
transplants were placed in the recipient's pelvis, the donor 
aorta and IVC were oversewn just cephalad to the origin of 
the renal arteries and veins, and all side branches of the 
donor aorta and IVC were ligated. The donor kidneys were 
then preferentially placed extraperitoneally into the recipi- 
ent’s right iliac fossa unless the presence of scarring or a 
previous graft mandated placement in the left side of the pel- 
vis. The caudal ends of the donor aorta and IVC were anas- 
tomosed end-to-side to the recipient’s external iliac artery 
and vein, respectively. If the donor aorta and IVC were too 
short, arterial and venous cadaveric extension grafts were 
sewn end-to-end to the caudal ends of the donor aorta and 
IVC and end-to-side to the recipient's external iliac artery 
and vein. The donor ureters were implanted into the recipi- 
ent’s bladder through individual or common ureteroneocys- 
tostomies (Fig. 1). 

The final orientation of the paired donor kidneys in the 
recipient's pelvis varied from patient to patient. The kidneys’ 
relationship to each other was anterior-posterior, cranial- 
caudal, or medial-lateral, depending on the constraints 
imposed by the length of the donor ureters and vessels and 
the recipient’s pelvic anatomy. Regardless of the orientation 
of the transplanted kidneys, the donor IVC coursed anterior 
to the donor aorta and the recipient’s external iliac artery 
before anastomosing with the recipient's ipsilateral external 
iliac vein. The donor ureters arose posterior to the vessels in 
the renal pelves and coursed anterior to the donor aorta and 
IVC and the recipient iliac vessels before anastomosing with 
the recipients bladder (Fig. 2). 
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Fig. 2.—Normal imaging findings after en bloc transplantation of paired cadaveric kidneys from a young donor. 
A, Sagittal sonogram of right side of pelvis shows transplanted kidneys in an anterior-posterior orientation. Note clear depiction of two separate 


kidneys. 


B, T1-weighted (600/20) coronal MR image shows paired kidneys in right iliac fossa in a medial-lateral orientation, with medial kidney positioned 


cephalad. 


C, Arteriogram shows donor aorta (straight arrow) anastomosed end-to-side to the recipient external iliac artery (curved arrow). Note donor main 


renal arteries (arrowheads). 


D, Transverse color Doppler sonogram shows normal donor main renal arteries (straight arrows), donor aorta (curved arrow), and anastomosis of 


donor aorta to recipient’s external iliac artery (arrowhead). 


E, Renal scintigram shows normal function in both transplanted kidneys. Note medial-lateral orientation, with lateral kidney positioned cephalad. 


Ureters (arrow) can be detected coursing toward recipient’s bladder. 


Graft Survival 


The overall 1-year graft survival rate in our study popula- 
tion was 70%. The 1-year graft survival rate in the subgroup 
of patients who received transplants after November 1989 
and received FK 506 was 78%. 


Complications After Transplantation 


Thirty-eight (30%) of the 125 patients with complete clini- 
cal records for the follow-up period after transplantation had 
a total of 43 complications. The imaging studies of 30 of the 
38 patients were available for review and were found to 
show all (n = 34) complications in these patients. 

Vascular complications.—Twenty-two patients (18%) had 
a total of 26 vascular complications, including arterial 
stenoses and thromboses, venous thromboses, and pseu- 


doaneurysms. Arterial stenoses occurred in four patients 
(3%). Three of the patients had unilateral stenosis of a renal 
artery, and one patient had stenosis at the anastomosis of 
the donor aorta to the recipient external iliac artery. Imaging 
studies of three of the four patients were available for review. 
In all cases, stenosis was initially diagnosed on the basis of 
sonograms, which showed a focal increase in arterial veloc- 
ity at the stenotic site. In one of the patients with unilateral 
stenosis of a renal artery, marked dampening of the intrare- 
nal arterial flow in one kidney led to the search for and dis- 
covery of ipsilateral high-velocity flow in the main renal 
artery, indicative of a significant stenosis. Flow to the con- 
tralateral kidney was normal (Fig. 3). Angiography was per- 
formed in two of the four patients with renal artery stenosis, 
and the angiographic findings confirmed the sonographic 
findings in both cases (Fig. 4). 
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Fig. 3.—A-C, Unilateral stenosis of main renal artery of medial en bloc 
transplanted cadaveric kidney from a young donor. 

A, Angle-corrected Doppler waveform of interlobar artery in lateral kid- 
ney shows rapid systolic upstroke, peak velocity of 0.3 m/sec, and mod- 
erate difference between peak systolic and lowest diastolic flow. 

B, Angle-corrected Doppler waveform of interlobar artery in medial 
kidney shows slower systolic upstroke, lower peak velocity (0.15 m/sec), 
and less difference between peak systolic and lowest diastolic flow than 
in lateral kidney. 

C, Angle-corrected Doppler waveform of main renal artery of medial 
transplanted kidney shows peak velocities greater than 6.0 m/sec, with 
spectral broadening highly suggestive of a significant stenosis. 


Arterial thromboses occurred in 12 patients (10%). Four 
patients (8%) had unilateral renal artery thrombosis and 
eight (6%) had aortic graft thrombosis or bilateral renal 
artery thrombosis. Imaging studies of nine of the 12 patients 
were available for review. The arterial thromboses were 
detected with sonography in seven patients and scintigraphy 
in two. Color and duplex Doppler sonography showed 
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arterial and venous flow in only one of the paired transplant 
kidneys in patients with unilateral renal artery thrombosis. In 
patients with aortic graft thrombosis or bilateral renal artery 
thrombosis no arterial or venous flow was shown in either 
kidney. Renal scintigraphy showed unilateral renal artery 
thrombosis as a region of decreased uptake of radionuclide 
(“cold spot”), relative to background radioactivity, in the loca- 
tion of the thrombosed kidney (Fig. 5). In one patient with 
chronic unilateral renal artery thrombosis, CT showed that 
the infarcted kidney was markedly atrophic (Fig. 6). Angio- 
graphic correlation was obtained in three patients and con- 
firmed the sonographic findings in each case. Surgical 
confirmation was obtained in all 12 of the patients with arte- 
rial thromboses. 

Venous thromboses occurred in eight patients (6%). Three 
(2%) had unilateral renal vein thrombosis, and five (4%) had 
IVC graft thrombosis or bilateral renal vein thrombosis. Imag- 
ing studies of five of the eight patients were available for 
review. Venous thromboses were detected with color and 
duplex Doppler sonography in three patients and with renal 
scintigraphy in two. Sonography in patients with unilateral 
renal vein thrombosis showed that one of the paired trans- 
planted kidneys, the one without renal vein thrombosis, had 
a normal imaging appearance. The kidney with renal vein 
thrombosis was enlarged, had decreased parenchymal 
echogenicity, no renal venous flow, and prolonged reversed 
diastolic arterial flow (Fig. 7). Sonography in patients with 
IVC graft thrombosis or bilateral renal vein thrombosis 
showed that both kidneys were enlarged, with decreased 
echogenicity, no venous flow in the IVC graft or both main 
renal veins, and prolonged reversed diastolic arterial flow in 
the aortic graft or both main renal arteries. Renal scintigra- 
phy in patients with unilateral renal vein thrombosis showed 
normal uptake of radionuclide in one kidney and almost total 
absence of uptake in the kidney with renal vein thrombosis. 
In patients with IVC graft or bilateral renal vein thrombosis, 
neither kidney was visualized, and uptake of radionuclide in 
the transplant bed matched the background radioactivity in 
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Fig. 4.—Unilateral stenosis of main renal 
artery of lateral en bloc transplanted cadaveric 
kidney from a young donor. Arteriogram shows 
a stenosis (arrow) involving most of main renal 
artery. 


Fig. 5.—Acute unilateral thrombosis of main 
renal artery in inferomedial en bloc transplant- 
ed cadaveric kidney from a young donor. Renal 
scintigram shows a cold spot (arrows) in region 
of inferomedial kidney situated between neph- 
rogram of superolateral kidney and bladder. 


Fig. 6.—Chronic unilateral thrombosis of 
main renal artery in lateral en bloc transplanted 
cadaveric kidney from a young donor. Unen- 
hanced axial CT scan of pelvis shows an atro- 
phic lateral kidney (straight arrow) and a 
normal-sized medial kidney (curved arrow). 
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the pelvis. Venous thrombosis was confirmed surgically in all 
patients. 

Extrarenal pseudoaneurysms occurred in two patients 
(2%). The location of the pseudoaneurysm was the site of 
the oversewn end of the donor aorta in one patient and the 
anastomosis of the donor aorta to the external iliac artery in 
the other. In the latter patient the pseudoaneurysm was 
mycotic in origin. Both pseudoaneurysms were initially 
detected on color and duplex Doppler sonograms as 
anechoic, cystic structures with turbulent pulsatile flow in 
their lumen (Fig. 8A) and to-and-fro flow at their neck (Fig. 
8B). Angiographic confirmation was obtained in both cases 
(Fig. 8C). In one case, the pseudoaneurysm was seen as a 
focal area of intermediate signal on T1-weighted spin-echo 
MR images and as an area of high signal on gradient-echo 
MR images obtained in the region of the renal hila. 

Urinary complications.—Fourteen patients (11%) had a 
total of 15 urinary complications. The complications included 
unilateral ureteral obstruction in seven (6%) and unilateral 
anastomotic urine leaks in eight (6%). Imaging studies were 
available for review in six of the seven patients with ureteral 
obstruction. Sonography showed unilateral hydronephrosis, 
and scintigraphy confirmed the obstructive nature of the 
hydronephrosis in all six cases available for review. Neph- 
rostograms were used to localize the site of obstruction in 
two patients. In one patient, unilateral hydronephrosis due to 
a stricture at the ureteropelvic junction was detected on CT 
scans (Fig. 9) and confirmed with a nephrostogram. 

Imaging studies were available for review in seven of the 
eight patients with urinary leaks. Sonography showed peri- 
nephric fluid collections in all seven cases. The fluid was 
nonspecific in appearance and randomly located in the 
transplant bed. Renal scintigraphy confirmed the presence 
of the leaks by showing extravasation of radionuclide in each 
of the patients. Contrast cystography was performed in 
addition to sonography and scintigraphy in four of the seven 
patients with leaks and showed extravasation of contrast 
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Fig. 7.—A and B, Unilateral thrombosis of main renal vein in lateral en 
bloc transplanted cadaveric kidney from a young donor. Angle-corrected 
Doppler waveforms of interlobar arteries of medial (A) and lateral (B) 
kidneys are significantly different. Doppler waveform of lateral kidney 
shows prolonged reversed diastolic flow; venous flow was not 
detectable. This combination of findings is highly suggestive of unilateral 
renal vein thrombosis. 


material in all four patients. In one patient, an excretory uro- 
gram showed extravasation of contrast material (Fig. 10). 

Infectious and neoplastic complications —Two patients 
(2%) had one miscellaneous complication each. The compli- 
cations included unilateral calcified fungus balls in the renal 
collecting system of one patient (Fig. 11) and bilateral post- 
transplantation lymphoproliferative disorder in the renal 
parenchyma of the other. The latter complication initially was 
seen as a unilateral focal hypoechoic renal mass. After 
unilateral graft nephrectomy, a new mass associated with 
posttransplantation lymphoma subsequently developed in 
the remaining transplanted kidney. 
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Fig. 8.—Extrarenal pseudoaneurysm of en bloc transplanted paired cadaveric kidneys from a young donor. 

A, Color Doppler sonogram shows cystic mass (straight arrows) arising from oversewn end of donor aorta adjacent to origin of main renal arteries 
(curved arrows). Note color jet (arrowhead) from oversewn end of aorta into cyst. 

B, Duplex Doppler sonogram at origin of color jet shows to-and-fro flow characteristic of a pseudoaneurysm. 

C, Corresponding arteriogram obtained with tip of catheter in recipient common iliac artery shows contrast material opacifying a spherical extravas- 
cular structure (straight arrows), arising from oversewn end of donor aorta (curved arrow), that was surgically confirmed to be a pseudoaneurysm. 
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Fig. 9.—Unilateral hydronephrosis in lateral 
en bloc transplanted cadaveric kidney from a 
young donor. Unenhanced axial CT scan of 
pelvis shows dilatation of pelvicaliceal system 
of lateral kidney. Pelvicaliceal system in medial 
kidney is normal. 
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Fig. 10.—Unilateral urine leak from ureteral 
anastomosis of medial en bloc transplanted 
cadaveric kidney from a young donor. Antero- 
posterior excretory urogram shows abundant 
extravasated contrast material (arrows) in right 
side of pelvis, displacing medial ureter and 
bladder and causing mild dilatation of pelvical- 
iceal system and ureter of medial kidney. 
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Fig. 11.—Unilateral calcified caliceal fungus 
balls (Candida albicans) in medial en bloc 
transplanted cadaveric kidney from a young 
donor. Longitudinal sonogram of pelvis shows 
echogenic material (arrows) in calices of pos- 
teromedial kidney. Corresponding CT scan (not 
shown) showed echogenic material had an 
attenuation value consistent with that of calci- 


Discussion 


Single kidneys from cadaveric donors less than 5 years 
old are considered by many surgeons to be unacceptable 
grafts for renal transplantation. Perceived limitations include 
limited functional renal mass and the small size of the main 
renal arteries and veins [4, 6, 10, 12]. The limited functional 
renal mass of single allografts from young donors prevents 
the grafts from providing complete renal excretory function in 
adult recipients for at least 2-3 months after transplantation 
and limits the ability of the grafts to withstand episodes of 
rejection. The small size of the grafts’ main renal arteries 
and veins significantly increases the technical difficulty of 
transplantation and the prevalence of vascular complications 
after transplantation. 

En bloc transplantation of paired cadaveric kidneys from 
young donors was developed in an attempt to overcome 
these limitations [4, 9-11, 13]. The transplantation of two kid- 
neys into one recipient doubles the amount of functional 
renal mass present in the immediate postoperative period, 
thus more closely approximating the renal mass of a single 
cadaveric kidney transplanted from an adult. The greater 
renal mass provided by en bloc transplantation of paired 
cadaveric kidneys from young donors allows earlier 
assumption of normal excretory function in adult recipients 
and increases the capacity of the graft to withstand episodes 
of rejection. The prevalence of rejection, acute tubular 
necrosis, recurrent disease, and immunosuppressant toxic- 
ity in en bloc renal grafts is similar to that reported for single 
cadaveric renal grafts from adults (Jordan ML, personal 
communication). When the kidneys are transplanted en bloc 
with intact segments of abdominal aorta and IVC, the donor 
aorta and IVC can be used for the vascular anastomoses. 
The use of these larger vessels overcomes some of the 
technical difficulties and complications associated with 
small-vessel surgery. The combination of these inherent 


um. Urine cultures grew C. albicans. 


advantages, current methods of organ preservation, refined 
surgical techniques, and new immunosuppressive agents is 
producing a 1-year graft survival rate that rivals the survival 
rate for single cadaveric kidneys transplanted from adults 
[4, 9, 10]. 

Postoperative vascular complications of en bloc transplan- 
tation of paired cadaveric kidneys from young donors are 
similar to those seen with transplantation of single cadaveric 
kidneys from adults, but the prevalence differs. Renal artery 
stenoses occur less frequently and arterial and venous 
thromboses occur more frequently in en bloc transplants 
from young donors than has been reported for single trans- 
plants from adult donors [1, 14—18]. The lower prevalence of 
renal artery stenosis probably occurs because the renal 
arteries are not involved in the vascular anastomosis and 
thus are less subject to trauma during transplantation [10]. It 
has been postulated that the greater prevalence of arterial 
thrombosis is due to the oversewn end of the donor aorta 
forming a cul-de-sac, which predisposes to thrombosis [10, 
19]. The cause of the greater prevalence of venous throm- 
bosis has not been elucidated. The spectrum and preva- 
lence of postoperative urinary, infectious, and neoplastic 
complications is the same for transplantation of paired 
cadaveric kidneys from young donors and transplantation of 
single cadaveric kidneys from adults (20, 21]. The vascular, 
urinary, infectious, and neoplastic complications associated 
with en bloc transplantation of paired cadaveric kidneys from 
young donors are more complex than those associated with 
transplantation of single cadaveric kidneys from adults, 
because one or both of the transplanted kidneys or ureters, 
or any of the multiple donor vessels in the en bloc renal 
transplants may be involved in the postoperative 
complications. 

Postoperative imaging of transplanted paired cadaveric 
kidneys from young donors requires individual evaluation of 
each of the two donor kidneys and ureters, and the complex 
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en bloc renal vasculature. If each donor kidney and ureter 
and the entire en bloc vasculature are not evaluated, 
unilateral complications can be overlooked. If detected early, 
irreversible unilateral complications can be treated with 
unilateral graft nephrectomy, thus leaving the patient with 
one functional kidney [11]. However, if the graft is incom- 
pletely evaluated and a unilateral complication, such as 
renal arterial or venous thrombosis, is overlooked, the 
complication may later involve the contralateral kidney, 
necessitating complete graft nephrectomy. 

Although multiple imaging techniques can be used to 
visualize the en bloc transplanted kidneys, the techniques 
are not equally effective for depicting the complex graft 
anatomy or showing postoperative complications. We have 
found gray-scale sonography to be the most effective tech- 
nique for evaluating the position, parenchyma, and collecting 
system of each of the paired transplanted kidneys and the 
urinary bladder. As with transplantation of single cadaveric 
kidneys from adult donors [1, 14, 16-18, 22-24], color and 
duplex Doppler sonography are effective for the evaluation 
of the vascular anatomy and detection of vascular 
complications in en bloc transplantation of paired cadaveric 
kidneys from young donors. However, because it is techni- 
cally difficult and time consuming to examine all the en bloc 
vasculature, in patients undergoing routine examination after 
transplantation, we rely on a survey of the intrarenal 
vasculature, main renal vessels in the renal hila, and 
proximal portions of the donor aorta and IVC to detect signif- 
icant vascular abnormalities. If an abnormality is detected 
during the vascular survey or if clinical findings are strongly 
suggestive of a vascular complication, the entire vascular 
tree is examined in detail with both color and duplex Doppler 
sonography. In addition to the Doppler evaluation of the 
discrete en bloc vasculature, we also examine all intrarenal 
cysts and small to moderate-sized perivascular fluid collec- 
tions related to the transplanted kidneys to exclude the 
presence of pulsatile flow indicative of a pseudoaneurysm. 
Angiography is used to confirm many of the vascular 
complications detected with sonography and to examine 
patients in whom sonographic examination is suboptimal. 
Renal scintigraphy is useful for obtaining information about 
graft parenchymal function and for evaluating the patency 
and integrity of the renal collecting system in patients 
thought to have a urinary obstruction or leak. Contrast urog- 
raphy, CT, and MR imaging occasionally provide additional 
useful information in evaluating complications detected with 
sonography and scintigraphy; however, they are not used in 
routine screening of en bloc renal transplants. 

The success of en bloc transplantation of paired cadaveric 
kidneys from young donors provides a practical alternative 
to transplantation of single cadaveric kidneys from adult 
donors. With the demand for renal transplantation far 
exceeding the supply of donor organs, en bloc renal 
transplantation will most likely become increasingly popular. 
Familiarity with the surgical technique, the normal imaging 
appearance of the grafts after transplantation, and the 
imaging findings of postoperative complications will enable 
radiologists to perform effective postoperative imaging of 
patients who receive en bloc renal transplants. 
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Book Review 


Current Opinion in Radiology. Genitourinary Radiology and Ultrasound 1992. Guest editors: Howard M. Pollack 
and Ruth B. Goldstein. Philadelphia: Current Science, 1992;4(2):1-149. $30; by subscription, 6 issues annually. 


This book is one of a series of volumes on various topics in radi- 
ology. This issue reviews some of the recent literature, controversial 
issues, and advances in the broad areas of genitourinary radiology 
and diagnostic sonography. These sections are edited by Drs. Pol- 
lack and Goldstein, respectively, with contributions on individual top- 
ics from 23 different authors. 

The section on genitourinary radiology begins with an editorial 
summary by Dr. Pollack. This is followed by six articles dealing with 
specific areas in the field. Topics covered include contrast material, 
color Doppler imaging, MR imaging of the genitourinary system, uri- 
nary tract stone disease, diagnosis of erectile dysfunction, and stag- 
ing of gynecologic malignant neoplasms. The section on 
sonography begins with an overview written by Dr. Goldstein. Sub- 
sequently, individual sections deal with a range of topics including 
vascular, gastrointestinal, gynecologic, endovaginal, and translabial 
sonography; sonography of first-trimester fetal anomalies; intrauter- 
ine growth retardation; and sonography of neonates, infants, and 
children. 

Each review article presents and discusses the major develop- 
ments that have occurred in the topic area. The reviews then dis- 
cuss several papers in each area that are considered significant. 
Relevant previous and current studies are cited. A large number of 
the articles discussed are from 1991. A selected bibliography, 
including abstracts in most cases, is printed at the end of each sec- 
tion, and often includes additional references not cited in the sum- 


mary section. Each reference is graded by the reviewer in terms of 
its overall interest level. 

The reviewers generally do a thorough job in reviewing the major 
literature in question. The selected topics are covered in a compre- 
hensive fashion. The writing is clear and concise. The summaries 
and authors’ comments often provide additional information and 
meaningful points of view. The illustrations provided are of high 
quality and include several excellent color Doppler images; all illus- 
trations are clearly and accurately labeled. The printing and paper 
stock are of excellent quality. 

The volume generally achieves its stated goal: a comprehensive 
review of the current important literature on specific topics of inter- 
est in genitourinary radiology and sonography. As such, it will be 
useful to practicing radiologists, as it provides an efficient means of 
quickly reviewing the pertinent literature in the selected areas. The 
bibliographies provide an ample starting point for a more detailed 
review, if desired. Senior radiology residents will also find the vol- 
ume useful before board examinations. For radiologists who regu- 
larly read the current literature, the book provides little new 
information, but it does a nice job of organizing and summarizing the 
major articles on selected topics. 


Michael E. Flisak 
Loyola University Medical Center 
Maywood, IL. 60153 
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Kidney Dimensions at 
Sonography: Correlation with Age, 
Sex, and Habitus in 665 Adult Volunteers 


OBJECTIVE. The purpose of this study was to investigate the normal sonographic 
measurements of the kidney in adult volunteers. 

SUBJECTS AND METHODS. Length, width, and thickness of the kidney and its cen- 
tral echogenic area and the parenchymal thickness of the upper pole were measured 
in an age- and sex-stratified random sample of 665 volunteers 30, 40, 50, 60, and 70 
years old. Measurements were made with the volunteers prone. Volumes of the kig- 
ney, the central echogenic area, and the renal parenchyma were calculated. Renal 
dimensions and renal and parenchymal volume were correlated with age, height, 
weight, body mass index, and total body area. In 94 subjects, renal length was mea- 
sured with the volunteers supine also. 

RESULTS. Median renal lengths were 11.2 cm on the left side and 10.9 cm on the 
right side. Median renal volumes were 146 cm? in the left kidney and 134 cm? in the 
right kidney. Renal size decreased with age, almost entirely because of parenchymal 
reduction. Renal volume correlated best with total body area. Renal length correlated 
best with body height. Measurements of renal length obtained with the subjects 
supine were not significantly different from those obtained with the subjects prone. 

CONCLUSION. The most exact measurement of renal size is renal volume, which 
showed the strongest correlation with height, weight, and total body area. Clinically, 
measurement of renal length is most practical and can be done with the subject 
prone or supine. 
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Sonography of the kidneys has replaced standard radiography for evaluation of 
renal disease. Because abnormalities of kidney size are present in many renal 
diseases, it is valuable to have a set of standard sonographic measurements to 
use when these patients are examined [1]. 

Only a few reports [2-5] have described the use of sonography to obtain renal 
measurements in adults. We used this imaging technique to measure renal 
dimensions, stratified by age and sex, in 665 adult volunteers. 


Subjects and Methods 


An age- and sex-stratified random sample of 2500 men and women 30, 40, 50, 60, and 
70 years old who lived in the western part of the county of Copenhagen was drawn from The 
National Person Register. All subjects received a standardized written invitation to a general 
health examination. The examinations took place between February and October 1991. The 
project was approved by the Ethical Committee for Copenhagen County. Of 2500 subjects, 
1775 (71%) attended the general health examination. Of these, 686 were selected at ran- 
dom and had sonography of the kidneys. Twenty-one of the 686 subjects were excluded for 
the following reasons: solitary cysts larger than 4 cm in diameter (eight cases), polycystic 
kidneys (two cases), bilateral multiple (four or more) cysts (two cases), unilateral kidney 
(two cases), hydronephrosis (two cases), pregnancy (one case), extreme obesity (one 
case), partial nephrectomy (one case), renal transplantation (one case), and renal tumor 
(one case). Sonographic evidence of nephrolithiasis was not considered a reason for exclu- 
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sion. Information on serum levels of creatinine was not available. 
The remaining 665 participants (358 women, 307 men) form the 
basis of this study. 

For the purpose of the health examinations, the participants 
fasted overnight. Two to three hours before renal sonography, they 
were offered a light meal. All participants were asked to empty the 
bladder just before the examination. Real-time gray-scale sonogra- 
phy was performed with a Picker LSC 7000/7000A (Picker Interna- 
tional, Frankfurt M, Germany) system with a 3.5-MHz curved-array 
transducer with a wide (11-cm) contact surface. The examination 
began with the subject supine; the preaortic region was examined to 
exclude the presence of a horseshoe kidney. Renal measurements 
were obtained with the subject prone. Length, width, and thickness 
of the kidney and of its central echogenic area (including sinus fat, 
calices, and vessels) were measured. The longitudinal dimensions 
of the kidneys were measured in a section visually estimated to rep- 
resent the largest longitudinal section. The width and thickness 
were measured in a section perpendicular to the longitudinal axis of 
the kidney as assessed from the longitudinal image. The probe was 
thus not necessarily perpendicular to the skin. The level of this 
transverse section was intended to be placed quite close to the 
hilum of the kidney but at the same time free of the pelvis. Width 
and thickness were then measured in two orthogonal directions, 

In 94 randomly selected 30-year-old subjects, the renal length in 
an approximate coronal section was measured with subjects supine 
and compared with the length measured when the subjects were 
prone. True supine position was generally sufficient; however, slight 
elevation of the examined side was necessary in a few cases for 
optimal visualization. 

For caiculations, the following formulas were used. Volumes of 
the kidney (renal volume) and the central echogenic area (central 
echogenic volume) = length x thickness x width x 0.5. Renal paren- 
chymal volume = renal volume — central echogenic volume. Total 
body area [6] = weight 9-425 x height®725 x 71.84. Body mass index 
= weight/(height)?. Renal shape index = renal length/{renal width + 
renal thickness). Relative volume of central echogenic area = cen- 
tral echogenic volume x 100/renal volume. 

For statistical analysis, we used the Mann-Whitney test and the 
Pearson correlation coefficient. 


Results 
Table 1 gives renal lengths and widths by age, sex, and 


TABLE 1: Renal Measurements at Sonography in 665 Volunteers 
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side. Figure 1 shows the median renal length vs age and 
sex. Figure 2 shows renal length vs body height. 

Median volumes of the central echogenic area were 24 
and 21 cm for the left and right kidneys, respectively. Left/ 
tight median values for thickness of the kidneys and paren- 
chymal thickness at the upper poles were 46/43 and 16/15 
mm, respectively. These measurements differed only slightly 
between different age groups. Median renal volurnes on the 
left and right sides were 146 and 134 cm?, respectively. 
Renal volume was significantly larger in men than in women 
(p < .00001). For all age and sex groups, renal measure- 
ments except renal width and parenchymal thickness were 
smaller for the right kidney than for the left kidney. 

Renal length and renal volume showed only slight differ- 
ences between volunteers 30 to 60 years old and were dis- 
tinctly decreased in volunteers 70 years old. However, the 
correlation between renal shape index and age was highly 
significant; the kidney was relatively wider and thicker in 
older volunteers (p < .00001; Table 2). Reduction in renal 
volume with age seems to be almost totally due to reduction 
in parenchymal volume, as the relative volume of the central 
echogenic area increased slightly but significantly with age 
(p<.00001; Table 2). 

Renal measurements were correlated with the subjects’ 
height, weight, total body area, and body mass index. The 
strongest correlation with renal volume was found for total 
body area; the correlation coefficients for left and right kid- 
neys were .595 and .600, respectively. Correlations with 
renal parenchymal volume were slightly poorer. Renal length 
correlated best with body height; the correlation coefficients 
for left and right kidney were .461 and .416, respectively. 

In all age groups except the 70-year-olds, a significant 
correlation was found between kidney length and body 
height, for both kidneys and both sexes. 

The mean differences between the renal lengths mea- 
sured with the subjects prone and supine were 0.5 mm (+10 
mm, 2 SD) and 0.7 mm (+10 mm, 2 SD) for the left kidney 
and the right kidney, respectively. 











N Age (yr) 
easurements Women Men All 
30 40 50 60 70 
No. of subjects 
Women 68 82 95 75 38 358 0 358 
Men 53 62 73 87 32 0 307 307 
Renal length (mm) 
Left 115 113 113 111 105 110 115 112 
(104, 128) (403, 123) (102,125) (100, 122) (94, 120) (99, 121) (104, 126) (101, 123) 
Right 111 112 110 108 104 107 112 109 
(101, 124) (100, 123) (100, 122) (95, 120) (91, 118) (95, 120) (101, 124) (98, 122) 
Renal width (mm) 
Lett 59 58 58 58 56 56 60 58 
(51, 66) (50, 65) (53, 65) (51, 65) (49, 62) (49, 62) (53, 68) (51, 65) 
Right 58 58 58 57 55 56 59 57 
(50, 66) (52, 66) (52, 64) (50, 64) (50, 63) (50, 61) (53, 66) (51, 64) 


Note.—Values are medians. Numbers in parentheses are 10th and 90th percentiles. 
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Fig. 1.—Graph shows distribution of lengths of right and left kidneys, 
measured at sonography, by age and sex in 665 volunteers. Median val- 
ues are given; error bars indicate 10th and 90th percentiles. 
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Fig. 2.—Graph shows lengths of left and right kidneys, measured at 
sonography, in relation to body height in 665 volunteers. Median values 
are given; error bars indicate 10th and 90th percentiles. 


Discussion 


Most radiologic studies of renal size have been two- 
dimensional and have used excretory urograms [7-9]; a few 
three-dimensional studies of renal volume have used renal 
angiography [10] or CT [11]. These studies involved patients 
with no radiologic evidence of renal disease, unlike our 
Study, which used randomly selected volunteers. Measure- 
ments can be obtained quickly and easily with sonography. 
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TABLE 2: Renal Shape Index and Relative Volume of Central 
Echogenic Area at Sonography in 665 Volunteers 
SE LENE eA SOATEST” A ESSER ATLAS CNRS HMO 


Age (yr 
Measurements ge (yr) All 
40 i 50 60 70 


0144 168 162 70 665 





Renal shape index 


Left kidney 1.11 14110 1.08 107 104 1.09 
Right kidney 1143 112 109 107 105 1.09 
Relative volume 
of central 
echogenic area 
Left kidney 15.4 161 163 174 184 165 
Right kidney 149 152 161 165 171 158 


Lipa AAI NE SS ESE A TTT ASR NSC MIEN AE Be A FORE LRM MPR NTE 

Note.—Renal shape index = renal length/(renal width + renal thickness), 
relative volume of central echogenic area = central echogenic volume x 100/ 
renal volume. For renal shape index, differences were significant (for both kid- 
neys) for 30-year-olds vs 50-year-olds (p < .05). For relative volume, differ- 
ences were significant for both kidneys for 30-year-olds vs 50-year-olds and 
for the left kidney for 50-year-olds vs 70-year-olds (p < .01). 


Renal dimensions measured by using sonography are 
smaller than those obtained by using radiography [12], 
because no geometric magnification and no osmotic diuresis 
caused by IV contrast medium occur. In a previous study 
[13] of donor kidneys, the measurements made by using 
sonography were more accurate than measurements based 
on plain radiographs, excretory urograms, or renal angio- 
grams. 

In contrast to information on renal measurements in chil- 
dren and infants, only a few reports have been published on 
renal measurements in adults [2-5]. The unique feature of 
our study is that we had well-defined age groups with a large 
number of participants for each age group and sex, This 
allowed us to define differences in renal dimensions on the 
basis of age, sex, and habitus. The 665 participants claimed 
to be healthy. However, some of them might have had mild 
or subclinical renal disease. Serum levels of creatinine were 
not measured; however, it seems unlikely that a study of ran- 
domly selected volunteers would include many subjects with 
renal disease. 

Most studies [14-17] of infants and children showed no 
difference in renal dimensions between the sexes. Our study 
showed a sex difference in adults, which is in agreement 
with previous postmortem [18] and radiologic studies [8]. 

With sonography, renai cysts are frequently found in 
asymptomatic patients. Small cysts cause only minor 
changes in renal and parenchymal volume, whereas large 
cysts can compress the parenchyma and deform the kidney. 
For these reasons, we excluded eight subjects who had 
large cysts and two who had multiple cysts. 

s judged from the renal shape index, the kidney 
becomes relatively wider and thicker with age. This small, 
but highly significant shift in renal shape is interesting, but of 
no practical consequence. One possible explanation for this 
phenomenon could be the relaxation of the abdominal wall 
with age, so that the kidneys are squeezed less in older per- 








ss 
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sons, This would also explain the broadening that becomes 
most pronounced for the right kidney, which has been 
squeezed more because of the liver. 

In this and previous radiographic studies [19], only minor 
changes in the volume of the central echogenic area were 
observed with increasing age. This contrasts with an earlier 
radiologic study that suggested that renal parenchyma is 
replaced with sinus fat with age [20]. Our results suggest 
that the external measurements, leading to an estimate of 
total renal volume, are sufficient to represent renal mass and 
that further attempts to measure the renal parenchymal 
mass are superfluous. 

In all age groups, the parenchymal volume of the right kid- 
ney was significantly smaller than that of the left (p<.00001 
for subjects 30-60 years old; p = .013 for subjects 70 years 
old). One possible explanation is that because the spleen is 
smaller than the liver, the left kidney has more space for 
growth. Another explanation is that because the left renal 
artery is shorter and straighter than the right one, increased 
blood flow in the left artery may result in relatively increased 
volume. 

The parenchymal thickness at the upper pole showed 
slight changes with age and between sexes. Measurement 
of parenchymal thickness is less feasible because the built- 
in calipers on the sonographic unit allow measurements in 
increments of 1 mm only and because accurate definition of 
the border between renal parenchyma and the central 
echogenic area may be difficult. However, measurements of 
parenchymal thickness may be useful in pathologic 
conditions. 

The most precise assessment of abnormalities in renal 
size would require measurement of renal volume or even 
parenchymal volume in relation to sex, weight, or total body 
area, but such calculations are not clinically practical. Mea- 
surement of renal length is easy, and the obtained values 
can be compared with the values in the reference figures 
and tables. For everyday situations, measurement of renal 
length is therefore recommended. The small difference and 
acceptable standard deviation indicate that renal length can 
be measured with the subject either supine or prone. 
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Pictorial Essay 


Nongynecologic Applications of Transvaginal Sonography 


Thomas S. Chang, t° Marcela Béhm-Vélez,’ and Ellen B. Mendelson’ 


Transvaginal sonography has become an invaluable tech- 
nique for examining the uterus and adnexa, primarily because 
it provides better spatial resolution than transabdominal 
sonography does. This characteristic also makes it useful for 
evaluating the nongynecologic structures in the pelvis. As 
many of these structures are imaged incidentally during gyne- 
cologic transvaginal sonography, familiarity with their normal 
and abnormal appearances is important. With minor modifica- 
tions in technique, targeted studies of these structures are eas- 
ily performed. We illustrate the technique used, normal 
anatomy seen, and abnormalities commonly encountered in 
transvaginal sonography of nongynecologic pelvic structures. 


Fig. 1.—A and B, Sagittal and coro- 
nal diagrams show normal relation- 
ship of nongynecologic structures to 
uterus (u) and ovaries (0). rs = rec- 
tosigmoid colon, b = urinary bladder, 
and arrows = ureters. 


A 
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During transvaginal sonography of the uterus and adnexa, 
many nongynecologic structures are imaged incidentally. 
Because of this, familiarity with their normal and abnormal 
appearances is important for anyone who obtains or inter- 
prets transvaginal sonograms. Optimal imaging of these 
structures requires modifications of the usual transvaginal 
technique [1]. The specific modifications needed differ for 
each structure, but can be grouped according to location rel- 
ative to the uterus: anterior, posterior, or lateral. Figure 1 
depicts the anatomic relationships seen in the two projec- 
tions obtained transvaginally, namely, sagittal and coronal. 
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Fig. 2.—Diagram shows transvaginal technique for evaluating struc- 
tures anterior to uterus (u). When transducer handle is moved posteri- 
orly, bladder (b) is included within ultrasound beam (dashed lines). 
Urethra (asterisk) is best visualized with end of transducer pointing 
anteriorly and positioned more caudally, just inside vaginal introitus. 
rs = rectosigmoid colon. 


Structures Anterior to the Uterus 
Technique 


For structures anterior to the uterus, the transducer tip is 
aimed anteriorly by moving the handle posteriorly (Fig. 2). 
Transducer manipulation is facilitated by elevating the 
patient’s hips with a pillow or placing the patient in the lithot- 
omy position. Examination of the bladder is best performed 
with mild to moderate bladder distension (Fig. 3) and with 
the transducer tip positioned in the vaginal fornix. Excessive 
bladder distension limits the study by placing much of the 
bladder wall out of the field of view. Visualization of the ure- 
thra requires positioning the transducer just inside the 
vaginal introitus [1]. 





Fig. 3.—Modification of technique for evaluating structures anterior to uterus. 
A, Routine transvaginal sonogram of a patient with an empty bladder shows a solid mass 
(arrows) anterior to uterus. No distinguishing landmarks are present to aid in determining origin of 


mass. 


B, Sonogram of same patient with moderate bladder distension shows mass (arrows) arising 


AJR:160, January 1993 


Urinary Bladder 


The normal bladder wall is homogeneous, relatively 
smooth, and no more than 6 mm thick [2] (Fig. 4). Urine is 
anechoic, but urine streaming into the bladder from the ure- 
ters is sometimes echogenic (the ureteral jet phenomenon) 
[3]. 

Neoplasms may appear as polypoid masses or areas of 
focal wall thickening (Fig. 5A), but these are nonspecific find- 
ings also found in benign processes (Fig. 5B). Malignant 
tumors can cause obstruction of the ureters or bladder neck. 
With infection, focal or generalized wall thickening, 
echogenic urine, or a fluid-debris level may be present (Fig. 
6). Bladder calculi and fungus balls are less common find- 
ings associated with certain infections. Besides neoplasm 
and cystitis, other causes of wall thickening include previous 
irradiation and surgery [2]. Fistulas involving the bladder 
may be inflammatory, neoplastic, or iatrogenic and also can 
cause the urine to appear echogenic (Fig. 7). When the 
bladder outlet is obstructed, trabeculae (Fig. 8), diverticula 
(Fig. 9), and increased residual urine after voiding are often 
shown; calculi also may be present because of stasis. Stress 
incontinence can be diagnosed by observing descent of the 
bladder neck while the patient coughs or performs the Val- 
salva maneuver [1]. 


Urethra 


The urethra has a homogeneous, smooth wall that is best 
visualized when the lumen contains urine. Urethral dilatation 
suggests a stricture (Fig. 10). Urethral diverticula (Fig. 11) 
usually result from infection and obstruction of paraurethral 
glands. They are located posterolateral to the mid urethra 
and may contain calculi [1]. 





Fig. 4.—Normal bladder. Transvaginal sono- 
gram shows normal bladder wall (arrows) as a 
thin echogenic line less than 6 mm thick. Urine 
is anechoic. (Adapted with permission from 
Mendelson and Béhm-Vélez [1].) 


from bladder wall and projecting into bladder (b). Urine helps to define extent of mass by separat- 
ing bladder walls and allowing accurate determination of wall thickness. Mass was histologically 


proved to be a transitional cell carcinoma. 
(Adapted with permission from Mendelson and Bohm-Vélez [1].) 
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Fig. 5.—A and B, Transvaginal sonograms show focal thickening of bladder wall (arrows), a 
nonspecific finding that can be seen in transitional cell carcinoma (A) and cystitis (B). The pres- 
ence of echogenic urine in B is consistent with cystitis but does not exclude neoplasm, especially 
if there is hemorrhage. (A adapted with permission from Mendelson and Béhm-Vélez [1].) 
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Fig. 6.—Cystitis. Sagittal transvaginal sono- 
gram shows echogenic urine, fluid-debris level 
(arrowhead), and mural thickening (arrows), 
suggesting an inflammatory process. Fluid- 
debris level is seen vertically because sagittal 
transvaginal images are oriented with patient's 
feet (F) at top of image, head (H) at bottom, 
anterior aspect (A) on left, and posterior aspect 
(P) on right. (Adapted with permission from 
Mendelson and Bohm-Vélez [1].) 





Fig. 7.—Rectovesical fistula. Transvaginal 
sonogram of bladder (b) shows low-level ech- 
oes within urine, representing fecal and inflam- 
matory material. F = Foley catheter balloon. 
(Adapted with permission from Mendelson and 
Bohm-Vélez [1].) 


Fig. 8.—Bladder outlet obstruction. Trans- 
vaginal sonogram shows bladder trabeculae 
appearing as generalized wall thickening and 
irregularity (arrowheads). Appearance of wall is 
similar to that in cystitis, although echogenicity 
of urine may differ. (Adapted with permission 
from Mendelson and B6hm-Vélez [1].) 


Fig. 9.—Bladder diverticula. Sagittal trans- 
vaginal sonogram shows neck of a large diver- 
ticulum (d) arising from bladder (b). Anterior to 
this is a second, smaller diverticulum (arrow), 
but its neck is not imaged in plane of section. 
(Adapted with permission from Mendelson and 
Bohm-Vélez [1].) 


Structures Posterior to the Uterus 


Technique 


For structures posterior to the uterus, the examination is 
performed with the transducer handle moved anteriorly so 
that its tip is aimed posteriorly (Fig. 12). A water enema is 
often useful for evaluating masses in this region because it 
shows whether the abnormality is inside or outside the rec- 
tosigmoid colon [2]. A water enema is necessary for visualiz- 
ing the rectosigmoid mucosa also [1]. 


Small Intestine 


Small-bowel segments are identified during real-time 
scanning as fluid- or gas-containing tubular structures with 
peristaltic activity (Fig. 13A). They are usually seen posterior 
to the uterus, but may be anterior in location if the uterus is 
retroverted. Their normal diameter is less than 3 cm. 

Dilatation of the small bowel is seen in obstruction and 
paralytic ileus (Fig. 13B), which are distinguishable by the 
presence or absence, respectively, of peristalsis. In gastro- 
enteritis, the normal-diameter bowel segments are filled with 
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Fig. 12.—Diagram shows transvaginal technique for evaluating struc- 
tures posterior to uterus (u). Moving probe handle anteriorly permits 
inclusion of rectosigmoid colon (rs) and other posterior structures 
within ultrasound beam (dashed lines). b = bladder. (Adapted with per- 
mission from Mendelson and B6hm-Vélez [1].) 


fluid and hyperactive. In regional enteritis, thickening of the 
bowel wall or matted loops of bowel may be observed [2]. 


Rectosigmoid Colon 


The normal rectosigmoid colon contains stool, gas, or 
both, which often hinder its evaluation. It can be differenti- 
ated from the small bowel because it is located more posteri- 
orly and has less peristaltic activity. 
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Fig. 10.—Urethral stricture. Postvoiding 
transvaginal sonogram shows residual urine in 
bladder (b) and distended urethra (arrows) in 
this patient with urethral stricture. Bladder vol- 
ume can be estimated on this midline sagittal 
projection by this equation from Haylen et al. 
[4]: Bladder volume (ml) = [5.9 x height (cm) x 
depth (cm)] - 14.6. (Adapted with permission 
from Mendelson and Bé6hm-Vélez [1].) 


Fig. 11.—Urethral diverticulum. Transvaginal 
sonogram shows oval, hypoechoic structure 
(arrow) near indistinctly seen urethra (arrow- 
heads), representing an infected paraurethral 
gland that has become a urethral diverticulum. 
Neck of diverticulum is not visualized. Large 
volume of urine in this bladder (b) after voiding 
suggests associated voiding dysfunction. 
(Adapted with permission from Mendelson and 
Bohm-Vélez [1].) 


Wall thickening, an intraluminal mass, or obstruction may 
be signs of neoplasm. Uncomplicated sigmoid diverticula are 
difficult to detect, but diverticular abscesses can be visual- 
ized as complex masses that may contain echogenic foci 
with posterior acoustic shadowing (Fig. 14). In fecal impac- 
tion, a complex intraluminal mass is present, often in con- 
junction with proximal dilatation of the bowel. A water enema 
can be helpful in confirming this diagnosis [1]. 


Appendix 


The use of transvaginal sonography for diagnosing acute 
appendicitis has not been described. An appendiceal 
abscess, however, may be seen as a pelvic fluid collection 
or a complex right-sided pelvic mass that is separate from 
the ovary [1] (Fig. 15). 


Structures Lateral to the Uterus 
Technique 


Imaging of the lateral areas of the pelvis requires angling 
of the transducer toward the pelvic side walls. For optimal 
visualization of the most lateral regions, it may be necessary 
to turn the patient to an oblique position or to compress the 
abdomen to bring structures closer to the transducer [1]. 


Blood Vessels 


Blood vessels appear as nearly anechoic tubular struc- 
tures with flow easily shown by color or duplex Doppler 


Fig. 13.—Transvaginal sonograms of bowel. 

A, Normal small intestinal segments (i) are 
often seen on routine transvaginal real-time 
sonography as peristaltic fluid-filled tubular 
structures, here identified anterosuperior to a 
retroverted uterus (u) in sagittal plane. Curved 
arrow = free fluid, straight arrows = endom- 
etrium. 

B, Distended intestine (i) suggests paralytic 
ileus or mechanical obstruction. Real-time 
examination is important to assess peristaltic 
activity. (Adapted with permission from Men- 
delson and B6hm-Vélez [1].) 
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Fig. 14.—Transvaginal sonograms of com- 
plex masses associated with colon. 

A, Sigmoid diverticular abscess is seen as a 
complex mass (arrows) containing echogenic 
foci representing gas and fecal material. Neck 
of diverticulum is suggested (arrowheads). 
(Courtesy of Barbara J. Weinstein, Pittsburgh, 
PA.) 

B, Cyclical bleeding of ectopically im- 
planted endometrial tissue resulted in this 
endometrioma (e) of colon, indistinguishable 
from abscess and other complex masses. 
(Adapted with permission from Mendelson and 
Bohm-Vélez [1].) 





A 


Fig. 15.—Appendiceal abscess. Transvagi- 
nal sonogram shows free intraperitoneal fluid 
(f) demarcating a nonspecific complex mass 
(arrowheads) in right pelvis. Fluid contains ech- 
oes, consistent with this inflammatory process. 
(Adapted with permission from Mendelson and 
Bohm-Vélez [1].) 


sonography (Fig. 16). Slow flow is often better detected with 
real-time sonography as low-level echoes streaming within 
the lumen. The presence of flow within a vessel distin- 
guishes it from similarly shaped hydrosalpinx, hydroureter, 
or fluid-filled bowel. The internal iliac vessels are consis- 
tently seen lateral to the ovaries, with the artery located 
anterior to the vein. The ovarian vessels are superolateral to 
the ovaries, but are usually not visible [1]. 

When a prominent pelvic vein is seen, a diagnosis of varix 
might be suggested (Fig. 17). However, because the diame- 
ter of normal pelvic veins varies widely, no consistently 
accepted size criterion exists for making this diagnosis [2]. 


Ureters 


The ureters are located anterior to the internal iliac ves- 
sels at the level of the ovaries and are generally not visual- 
ized unless the ureteral lumina are distended. The ureters 
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Fig. 16.—Color Doppler imaging for differentiation of tubular structures. 

A, Transvaginal sonogram shows an anechoic, tubular structure adjacent to uterus (u) in this 
patient with clinically suspected pelvic inflammatory disease. 

B, Transvaginal color Doppler image shows vascular flow, definitively excluding hydrosalpinx. 


are distinguishable from the internal iliac vessels by their 
more echogenic walls and by the absence of flow in the ure- 
ters on Doppler imaging [1]. Ureteral abnormalities some- 
times encountered include hydroureter and ureterocele. 


Lymph Nodes 


Lymph nodes are hypoechoic and are usually not 
detected unless they are enlarged. Benign pelvic lymph 
nodes can be up to 2 cm in diameter [1]. Lymphadenopathy 
may be due to inflammatory or neoplastic processes. 


Free Fluid 


Free fluid in the pelvis is often seen with high-resolution 
transvaginal sonography. In the premenopausal patient, a 
small amount of anechoic fluid in the cul-de-sac is normal 
When the fluid accumulation is larger, it is important to char- 
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Fig. 17.—Pelvic varix. Transvaginal sono- 
gram shows a dilated pelvic vein (v) with unidi- 
rectional movement of internal echoes on real- 
time examination, consistent with sluggish 
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Fig. 18.—Malignant ascites. Transvaginal 
sonogram of a patient with uterine leiomyosar- 
coma shows echogenic fluid (f) representing 
malignant ascites surrounding a follicle-con- 
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Fig. 19.—Pelvic kidney. Transvaginal sono- 
gram shows reniform structure (arrows) supe- 
rior to bladder (b), representing a pelvic kidney. 
No kidney was present in ipsilateral renal bed. 


blood flow. (Adapted with permission from taining ovary (arrows). 


Mendelson and Böhm-Vélez [1].) 





B 


Fig. 20.—Renal transplant. 
A, Transvaginal sonogram shows pelvicaliectasis within central portion of this transplanted 
kidney (arrows) in iliac fossa. 





Bladder is slightly more distended than for 
transvaginal sonography of uterus and adnexa. 
(Courtesy of Barbara J. Weinstein, Pittsburgh, 
PA. Adapted with permission from Mendelson 
and Böhm-Vélez [1].) 





Fig. 21.—Hematoma. 
gram shows an indeterminate complex mass in 
pelvis. Clinical history of anticoagulant therapy 


Transvaginal sono- 


B, Transvaginal sonogram shows a complex, predominantly cystic mass adjacent to renal 
pelvis. This was a complicated urinoma that may have caused hydronephrosis. Free fluid (arrow) 
also is visible. (Adapted with permission from Mendelson and Bohm-Vélez. [1].) 


was clue to diagnosis of maturing hematoma. 
(Reprinted with permission from Mendelson 
and Böhm-Vélez [1].) 


acterize the appearance of the fluid. Anechoic fluid is seen 
with transudative ascites or rupture of an ovarian cyst or fol- 
licle. Echogenic fluid may signify an emergent process such 
as hemoperitoneum from a ruptured ectopic pregnancy. 
Other causes of echogenic fluid include pelvic inflammatory 
disease; diverticular (Fig. 14A), appendiceal (Fig. 15), or 
postoperative abscesses; and malignant ascites [1] (Fig. 
18). 


Miscellaneous Masses 
Kidneys 


If a reniform mass is detected in the superior part of the 
pelvis, the renal beds should be evaluated. An empty renal 


fossa suggests the diagnosis of pelvic kidney [3] (Fig. 19). 
Hydronephrosis may be present because of the increased 
risk of obstruction at the ureteropelvic junction. Although a 
pelvic kidney is usually an isolated finding, the uterus should 
be examined for associated anomalies. 

Renal transplants are found in the iliac fossae. Complica- 
tions of renal transplantation include urinoma (Fig. 20), 
hematoma, and lymphocele [1]. 


Hematomas 


Hematomas are varied in appearance, ranging from sim- 
ple to complex fluid collections, depending on the age of the 
hematoma [3] (Fig. 21). Acute hematomas have mixed 
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Fig. 22.—Adhesions. Transvaginal sono- 
gram shows an unusual appearing complex 
mass, which resulted from adhesions between 
mesentery and surrounding tissues. 


Fig. 23.—Parovarian (paratubal) cyst. Trans- 
vaginal sonogram shows a large simple cyst 
that was separate from ovaries and uterus, 
consistent with a parovarian cyst. These 
benign cysts are found in the mesosalpinx and 
arise from the parovarium, a remnant of the 
mesonephric duct. 


echogenicity and become anechoic or develop septa with 
time. Pelvic hematomas are most commonly seen shortly 
after pelvic surgery. Rounded echogenic collections associ- 
ated with the ovary most likely are hemorrhagic cysts or 
endometriomas. 


Abscesses 


Abscesses appear as nonspecific complex fluid collec- 
tions that often contain echogenic foci with posterior 
acoustic shadowing, representing gas. Possible causes of 
abscesses, other than pelvic inflammatory disease, include 
diverticulitis (Fig. 14A), appendicitis (Fig. 15), and postoper- 
ative complications [1]. 


Adhesions 


The differential diagnosis of a complex mass in the post- 
operative patient includes a mass formed by peritoneal 
adhesions [1] (Fig. 22). Correlation of sonographic findings 
with clinical history is important in this situation. 


Cysts 


Nonovarian cystic masses visualized transvaginally 
include mesenteric and duplication cysts, urachal cysts, lym- 


NONGYNECOLOGIC USE OF TRANSVAGINAL SONOGRAPHY 93 





phoceles, and parovarian cysts [1] (Fig. 23). These can usu- 
ally be differentiated on the basis of location and clinical 
history. 


Conclusion 


Transvaginal sonography can be a useful method for eval- 
uating the nongynecologic structures of the female pelvis. Its 
value depends on knowledge of the special technical modifi- 
cations required for imaging the lower urinary tract, rectosig- 
moid colon, and lower quadrants of the abdomen. Familiarity 
with the normal and abnormal appearances of these struc- 
tures is also crucial. 
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Review Article 


Trauma to the Upper Thoracic Spine: 
Anatomy, Biomechanics, and Unique Imaging Features 


Georges Y. El-Khoury! and Camelia G. Whitten 


This review summarizes the anatomic and biomechanical 
features of the thoracic spine, which are different from those of 
the more mobile segments of the spine, and emphasizes their 
role in trauma. The distinguishing characteristics of the tho- 
racic spine are the presence of the ribs and their articulations. 
The rib cage restricts motion and adds stiffness to the spine. 
During trauma, it provides the thoracic spine with additional 
strength and energy-absorbing capacity. Above the T10 level, 
most injuries produce a basic pattern consisting of an anterior 
fracture-dislocation involving two contiguous vertebrae, often 
with associated neurologic impairment. The definition of spinal 
instability remains controversial. CT is the imaging technique 
of choice for evaluation of spine fractures; however, MR imag- 
ing is superior in the evaluation of spinal cord injury and post- 
traumatic disk herniation. MR imaging also provides 
prognostic information not obtainable with other imaging 
methods. 


The thoracic spine is the largest segment of the spine, and 
it is a common site for trauma, especially in its lower portion 
(T10-T12). The anatomic and biomechanical features of the 
thoracic spine make its response and tolerance to mechani- 
cal stresses different from those of the more mobile portions 
of the spine. This review considers the anatomy, biomechan- 
ics, and unique imaging features of the normal and trauma- 
tized upper portion of the thoracic spine. 


Received July 1, 1992; accepted after revision July 28, 1992. 


Anatomy and Biomechanics of the Thoracic Spine 


Gross Anatomy 


The thoracic spine consists of 12 vertebrae: it has a ven- 
tral curve that develops in utero and is maintained, although 
somewhat modified, throughout life. The vertebral bodies 
anteriorly are primarily load-bearing. The arches posteriorly 
act in resisting tension. The anteroposterior diameter of the 
vertebral bodies gradually increases from Ti to T12, 
whereas the transverse width decreases from T1 to T3 and 
then increases progressively down to T12 [1]. Normally, the 
vertical height of the thoracic vertebral bodies is about 2-3 
mm less anteriorly than posteriorly, which partially contrib- 
utes to thoracic kyphosis. The sides of the bodies are some- 
what concave. In the thoracic spine, the laminae are broad 
and heavily overlapped. The pedicles project posteriorly 
from the superior aspect of the vertebral body. Extending 
dorsomediaily from the pedicles are the laminae, which fuse 
in the midline to form the dorsal wall of the spinal canal [1, 
2]. The lumen of the spinal canal varies in size throughout its 
length, but its narrowest segment is in the thoracic spine. 
Neural elements within the thoracic portion of the spinal 
canal are, therefore, more frequently affected by conditions 
that result in even minimal narrowing of the spinal canal (3, 
4]. The articular processes arise from both the superior and 
inferior surfaces of the laminae. The articulating facets are 
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situated on the posterior surface of the superior articular pro- 
cess and ventral surface of the inferior process. Throughout 
most of the thoracic region (T1-T10), the facets are in the 
coronal plane, thus providing significant resistance to ante- 
rior translation. AtT11 and T12, facets begin to change their 
orientation to simulate the lumbar pattern (oblique sagittal 
orientation), where they limit rotation and have less effect on 
anterior translation [4]. 

The most distinguishing features of the thoracic spine are 
related to the presence of the ribs and their articulations [1, 
2]. Ribs articulate with vertebrae at two sites. Rib heads 
articulate with the vertebrae at the disk, and the rib tubercle 
articulates with the transverse process at the costotrans- 
verse articulation. 

Demifacets above and below the disk articulate with the 
head of the rib to form the costovertebral joint, which is a 
synovial joint divided by an intraarticular ligament into two 
separate compartments. The heads of the first, 11th, and 
12th ribs articulate with single vertebral facets of the corre- 
sponding vertebrae rather than with two demifacets of adja- 
cent vertebrae [1, 2]. The head of the rib is an important 
landmark for identifying the intervertebral disk during axial 
imaging. The rib cage restricts motion and adds stiffness to 
the spine. This is especially true in extension and to a lesser 
extent in flexion and lateral rotation. Biomechanically, the rib 
cage is considered part of the structure of the spine, thus 
providing additional strength and energy-absorbing capacity 
during trauma. The rib cage and sternum increase the 
moment of inertia and therefore stiffen the spine when it is 
subjected to rotatory forces [5]. Andriacchi et al. [6] predicted 
that the compression tolerance of the spinal column in the 
presence of the rib cage is increased by a factor of 4. In clin- 
ical situations, when costovertebral disruption is present, the 
ability of the spine to carry normal physiologic loads should 
be questioned. 

The transverse processes project laterally from the articu- 
lar pillars between the superior and inferior articular facets. 
They diminish in length from the top to the bottom of the tho- 
racic spine. The tip of each transverse process from T1 to 
T10 bears an oval costal facet. Costotransverse joints are 
formed by the articulation of the rib tubercles and tips of the 
transverse processes. T11 and T12 transverse processes do 
not articulate with ribs [1, 2]. 

Compared with the cervical and lumbar spine, the height 
of disks in the thoracic spine is decreased, but the annulus 
fibrosus is thicker. The disks in the thoracic region seem to 
be effective in limiting rotation [4]. The anterior and posterior 
longitudinal ligaments, ligamenta flava, and interspinous and 
supraspinous ligaments in the thoracic spine are not signifi- 
cantly different from these ligaments at other spinal seg- 
ments. 


Radiographic Anatomy 


Conventional radiography continues to be the mainstay of 
any diagnostic investigation of the thoracic spine. Plain radi- 
ography should precede any complex imaging procedure, 
and the interpretation of these complex studies should be 
undertaken only with the plain radiographs at hand. Antero- 
posterior and lateral radiographs are always required. 
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Anteroposterior radiographs can be obtained easily; how- 
ever, diagnostic lateral radiographs may be more difficult to 
obtain in patients with multisystem trauma because the 
examination is performed with the patient in the supine posi- 
tion. In cooperative patients, high-quality lateral views of the 
thoracic spine can be obtained by using a long exposure 
(3-6 sec, 50 mA, and 70 kVp) and breathing technique. A 
swimmer's view of the upper thoracic spine is often benefi- 
cial when the upper thoracic vertebrae are not adequately 
visualized. 

Anteroposterior radiographs are ideal for the evaluation of 
the vertebral bodies. The superior and inferior endplates of 
the vertebral bodies are seen as linear horizontal lines. The 
lateral margins are concave. Pedicles appear as oval struc- 
tures projecting over the superior corners of the vertebral 
bodies. Absence of a pedicle, or asymmetry in the size or 
density of the pedicles, warrants further investigation to rule 
out neoplasm. Pedicle thinning, with a slight increase in the 
interpediculate distance at the level of the thinning, is nor- 
mally seen at the thoracolumbar junction in 7% of the popu- 
lation. The thinned pedicles may even have concave medial 
borders [7, 8]. The articular facets and laminae are difficult to 
evaluate on the anteroposterior view. The transverse pro- 
cesses are visible as lateral extensions of the upper half of 
the vertebrae, whereas the costotransverse joints can be 
detected as two oblique lines close to the ends of the trans- 
verse processes. Rib heads, which are detected at the level 
of the intervertebral disks, articulate with the superior and 
inferior corners of adjacent vertebral bodies. The paraspinal 
soft tissues of the thoracic spine should be closely applied to 
the vertebral bodies and only minimally visible. No focal 
swelling should be identified in the paraspinal soft tissues of 
the normal thoracic spine. 

Lateral radiographs are helpful in assessing vertebral 
body height, disk height, endplate irregularity, erosions, and 
alignment. On the lateral projection, vertebral bodies are 
seen as rectangular structures. The pedicles extend posteri- 
orly from the superior half of the body. Located above and 
below the pedicles are the articular processes. The spinal 
canal and neural foramina are clearly delineated on lateral 
radiographs. The inferior portions of the neural foramina are 
occluded by the heads of the ribs [1]. The spinous processes 
are virtually impossible to visualize on the lateral view owing 
to the superimposition of the ribs. 


Trauma to the Upper Thoracic Spine 


Fractures in the upper thoracic spine (T1-T10) are not 
uncommon. Of 2416 patients with acute fractures of the ver- 
tebral column admitted to the Northwestern University Acute 
Spine Injury Center between 1972 and 1986, 16% of the 376 
fractures involved the upper thoracic spine [9]. 


Fractures of the Upper Thoracic Spine 


Historically, fractures of the upper thoracic spine (T1-T10) 
have been grouped with fractures of the thoracolumbar junc- 
tion and lumbar spine. These regions differ in both their neu- 
rologic and osseous aspects [3]. Bohlman [3] drew attention 
to the unique features of trauma involving the upper thoracic 
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spine and noted the following: (1) Because of its stiffness, 
considerable violence is necessary to produce fractures or 
fracture-dislocations in the upper thoracic spine. (2) 
Because of the narrow spinal canal in this region, injuries of 
the spinal cord are frequently associated with injuries of the 
upper thoracic spine. (3) Most of the osseous injuries occur 
in flexion and axial loading because very little rotatory 
motion occurs in the upper thoracic spine. 

Anteroposterior and lateral views of the thoracic spine are 
helpful in assessing alignment. An abrupt change in align- 
ment indicates spinal injury (Figs. 1A and 2B). The presence 
of abnormal kyphosis, pleural fluid, paraspinal swelling, rib 
fractures, dislocations at the costovertebral joints, or widen- 
ing of the interpediculate distance also suggests thoracic 
spine injury (Figs. 2A and 2B). 

Rogers et al. [10] recognized that fractures of the upper 
thoracic spine do not fit easily into the common fracture clas- 
sifications and thus should be treated separately. In a review 
of 35 patients with acute injury to the upper thoracic spine 
and associated paraplegia, they found the basic pattern of 
injury, affecting 32 of 35 patients, consisted of an anterior 
fracture-dislocation involving two contiguous vertebrae 
(Figs. 2A and 2B). Sharafuddin et al. [11] described similar 
radiographic findings in three patients with fracture-disloca- 
tions of the thoracic spine. 

Anteriorly wedged vertebrae are usually considered 
abnormal in the clinical setting of trauma. However, normal 
wedging of the lower thoracic vertebral bodies, especially in 
males, is common [12, 13]. Fletcher [12] and Lauridsen et al. 
[13] proposed using a wedging ratio that compares heights 
of the anterior vs the posterior vertebral bodies. Wedging 


Fig. 1.—Abnormat alignment and noncontig- 
uous fractures. 

A, Anteroposterior chest radiograph shows 
fluid in left pleural space and abnormal align- 
ment between T2 and T3 (arrowheads), suggest- 
ing a fracture-dislocation. 

B, Sagittal T2-weighted MR image shows T3 
and T4 vertebral body fractures (white arrows) 
and a noncontiguous fracture of odontoid 
(black arrow). 
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ratios of 0.80 in males and 0.87 in females (95% confidence 
limits) at the T8 to T12 levels are considered within normal 
limits [12, 13]. 

The posterior aspects of the vertebral bodies are visible 
on lateral radiographs. Disruption, or bulging, of this line into 
the spinal canal is a reliable indicator of a burst fracture in 
the spine (Fig. 3). In a study of 114 patients with burst frac- 
tures, Daffner et al. [14] found disruption of the posterior ver- 
tebral body line in all. This line should be carefully scru- 
tinized in patients with trauma to the thoracic spine. 

The spinous processes consistently project over the mid- 
line, and each tubercle (tip) of the spinous process extends 
slightly below the inferior endplate of its respective vertebral 
body. The “double spinous process sign" seen on the antero- 
posterior radiograph is a reliable indicator of a fracture of the 
spinous process [15, 16] (Fig. 4). 

CT is a useful adjunct to standard radiography when 
assessing trauma of the thoracic spine, particularly in the 
evaluation of vertebral fracture and retropulsed fragments 
[17-20] (Fig. 3B). Keene et al. [17] and Brant-Zawadzki et al. 
[18] demonstrated that CT combined with standard radiogra- 
phy is equal or superior to conventional tomography in 
assessing the extent of spine trauma. Brant-Zawadzki et al. 
[18] reported that conventional tomography added no clini- 
cally significant information in the acute stage. 


Spinal Cord Injury 


Fractures associated with spina! cord injury most often 
occur at C4~—C7 and the thoracolumbar junction: however, 
midthoracic spine fractures account for a sizable portion of 
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Fig. 2.—Anterior fracture-dislocation of tho- 
racic spine. 

A, Anteroposterior radiograph shows inter- 
ruption in outline of pedicles at T10, left paraspi- 
nal swelling (arrowheads), and left costo- 
vertebral dislocation at T11 (arrow). 

B, Lateral radiograph of thoracic spine shows 
anterior fracture-dislocation of T10 on T11, with 
secondary kyphosis at T10-T11. 

C, Sagittal T2-weighted MR images show 
transection of cord with hemorrhage and edema 
within spinal cord. 


Fig. 3.—Disruption of posterior vertebral 
body line. 

A, Lateral radiograph of thoracic spine shows 
posterior displacement and bulging of posterior 
vertebral body line of T10 (arrows), indicating 
retropulsed fragments within spinal canal. 

B, Axial CT scan through T10 confirms pres- 
ence of retropulsed fragment within spinal 
canal. 
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fractures with injury to the spinal cord [10]. Owing to the 
small diameter of the thoracic spinal canal and the sparse 
vascular supply to the thoracic spinal cord, fractures of the 
upper thoracic spine are usually associated with neurologic 
injury [9, 21]. Meyer [9] reported that 63% of the fractures of 
the upper thoracic spine seen at the Northwestern University 
Acute Spine Injury Center between 1972 and 1986 resulted 
in complete neurologic injuries to the spinal cord, while the 
thoracic spinal cord escaped injury in. only 10%. Clinical 
evaluation has been, until recently, the only method for pre- 
dicting outcome in patients with spinal cord injury. Clinical 
assessment, however, cannot distinguish between transec- 
tion, hemorrhage, and edema of the spinal cord, as indicated 
by the occasional observation of significant recovery after an 
apparently complete lesion [22]. MR imaging is capable of 
showing edema and hemorrhage within the spinal cord. In 
addition, several authors [22-29] have recognized a distinct 
correlation between the pattern of spinal cord injury on MR 
imaging and neurologic recovery. Hemorrhage within the 
spinal cord suggests that there will be little improvement in 
neurologic function. Edema within the spinal cord, particu- 
larly if it is limited to one spinal segment, implies a more 
favorable outcome. The optimum time for prognostic imag- 
ing is 24-72 hr after the injury. For assessment of spinal 
injury, MR imaging has recently been advocated as the 
examination of choice, after conventional radiography, par- 
ticularly when a neurologic deficit is present or is progress- 
ing [27] (Fig. 2C). MR imaging also has the added 
advantage of showing the cervicothoracic junction in heavy 
patients [27]. 

Holdsworth [30] in 1970 and Bohlman [3] in 1985 stated 
that shearing fractures of the upper thoracic spine are 
always associated with complete paraplegia; however, some 
reports [11, 31-33] describe patients with severe fracture 
dislocations of the thoracic spine in whom the spinal cord 
was not injured. 

The “floating laminae” or “floating arches” mechanism 
may explain how the spinal cord escapes injury in fracture- 
dislocations of the thoracic spine. Bilateral pedicular frac- 
tures at several levels allow the posterior elements to remain 
aligned while the vertebral bodies displace forward [31-33]. 
With the floating arches mechanism, the spinal canal actu- 
ally enlarges, in a fashion similar to that seen with spondylo- 
listhesis, owing to a defect in the pars interarticularis. 
Simpson et al. [33] warned that although plain radiographs 
may suggest transection of the spinal cord, they should 
never be used to infer the state of the spinal cord in an 
obtunded or unconscious patient. Careful handling of the 
unstable spine in these circumstances should continue until 
the neurologic status of the patient can be thoroughly evalu- 
ated. 


Multilevel Spinal Injuries 


Up to 17% of fractures of the upper thoracic spine are 
associated with another noncontiguous spinal fracture [10]. 
Often, the second level of injury is not recognized early 
enough to prevent clinically significant extension of the neu- 
rologic deficit [34]. Common sites for second noncontiguous 
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fractures are the upper cervical spine and thoracolumbar 
junction [10, 34, 35]. The multiplanar capabilities of MR 
imaging facilitate early diagnosis of multilevel trauma, occa- 
sionally revealing unsuspected injuries (Fig. 1B). It is there- 
fore mandatory to search for other spine fractures whenever 
a fracture is detected in the upper thoracic spine. The pres- 
ence of these second-level spinal injuries is further testi- 
mony to the severity and complicated nature of the forces 
involved in injuries of the upper thoracic spine [10]. 


Fracture of the Upper Thoracic Spine vs Aortic Transection 


Traditionally, mediastinal widening, apical cap, and pleural 
fluid have been attributed to aortic transection [86]. How- 
ever, these findings are also seen in more than half the 
patients with an injury to the upper thoracic spine [3, 37-39] 
(Fig. 4). Dorr et al. [39] found a 36% frequency of hemotho- 
rax in patients with injuries to the thoracic spine. In a review 
of the radiographs of 54 patients with fractures between the 
C6 and T8 vertebral levels, Dennis and Rogers [38] found 
that 69% had a wide mediastinum. A spine fracture could be 
detected on the chest radiograph in half of their patients. 
These authors concluded that if a fracture of the upper tho- 
racic spine can be detected to account for the mediastinal 
widening, aortic rupture becomes unlikely in the absence of 
clinical signs and symptoms to support such a diagnosis 
[38]. 

Fractures of the upper thoracic spine and aortic rupture 
have an important clinical feature in common: both condi- 
tions can cause paraparesis or paraplegia [37]. Aortic rup- 
ture can cause diminished blood supply to the spinal cord, 
resulting in ischemia and necrosis [40]. Therefore, in 
patients in whom both aortic rupture and fracture of the 
upper thoracic spine are possibilities, the proper sequencing 
of diagnostic tests and careful handling of the patient are 
essential. Bolesta and Bohlman [37] recommend first ruling 
out an aortic injury and then localizing the fracture or dislo- 
cation. Such patients should be immobilized and handled 
judiciously when they are transported to and from the 
angiography suite. 


Sternal Fractures 


The sternum is frequently buckled or fractured in patients 
with trauma to the upper thoracic spine. Radiographically, 
the appearance of this indirect injury to the sternum differs 
from that of direct trauma to the sternum and should alert 
radiologists to severe injury in the thoracic spine [41]. An 
indirect sternal injury is identified by the pattern of displace- 
ment of the bone fragments. Forces transmitted to the ster- 
num through the ribs, as a result of spine fracture or 
dislocation, posteriorly displace the upper sternal fragment 
relative to the lower portion of the sternum (Fig. 5). This pat- 
tern of displacement is different from that usually seen with 
direct trauma to the sternum, where forces applied to the 
front of the chest posteriorly displace the lower sternal frag- 
ment [42]. 
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Fig. 4.—Injury to upper thoracic spine vs aor- 
tic transection. Anteroposterior chest radiograph 
obtained with patient supine shows widening of 
mediastinum and apical pleural capping (arrow- 
heads). These findings are seen in both upper 
thoracic spine injury and aortic transection. Na- 
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Fig. 5.—Sternal fracture. Lateral radiograph 
of sternum in a patient with T6-T7 fracture 
shows characteristic appearance of sternal 
fractures associated with thoracic spine injury: 
posterior displacement of upper sternal frag- 
ment relative to lower fragment. 
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Fig. 6.—Traumatic thoracic disk herniation. 
Sagittal T1-weighted MR image shows a trau- 
matic herniation of disk at T8-T9 (arrowheads). 
Note also fracture in vertebral arch (arrows) 
and mild anterior subluxation of T8 on T9. 


sogastric tube is not shifted to right, and left 
main bronchus is not depressed. Spinous pro- 
cesses of T1 and T2 (arrows) are duplicated (dou- 
ble spinous process sign), indicating fractures. 
Findings on aortic angiogram were normal. 


Traumatic Disk Herniation 


Intervertebral disk herniation after injury to the cervical 
spine is well known [28, 43-45]. Posttraumatic disk hernia- 
tion in the thoracic spine, however, is not uncommon [46] 
(Fig. 6). Pratt et al. [46] reported that three of their six 
patients with acute injury to the thoracic spine had disk her- 
niations shown by MR imaging. Because the presence of a 
herniated disk can significantly alter the surgical manage- 
ment of a spine injury, radiologists may be asked to address 
this question when evaluating spine trauma [28, 43, 45, 46]. 
Because MR imaging provides more information than CT 
regarding the integrity of the spinal cord, disks, and liga- 
ments, it should be the imaging technique of choice in the 
evaluation of disk herniation or other soft-tissue injury to the 
spine [45-48]. 


Spinal Instability 


Spinal instability after trauma is an exceedingly important 
issue for surgeons, because its presence or absence deter- 
mines how the patient is treated. The definition of instability 
has been controversial, and no single scheme to determine 
instability is universally accepted. 

White and Panjabi [5] defined clinical instability as “the 
loss of the ability of the spine under physiologic loads to 
maintain relationships between vertebrae in such a way that 
there is neither damage nor subsequent irritation to the spi- 
nal cord or nerve roots, and in addition, there is no develop- 
ment of incapacitating deformity or pain due to structural 
changes.” 

Holdsworth [30] thinks that the integrity of the posterior 
column, consisting of the vertebral arch and its ligaments, is 


the key to spinal stability. In 1983, Denis [49] reported that 
instability did not result from rupture of the posterior column 
alone and advanced the clinically based three-column the- 
ory. He asserted that, for an injury to be unstable, the middle 
column, consisting of the posterior portion of the vertebral 
body, posterior annulus, and posterior longitudinal ligament, 
should be disrupted [49]. He also separated spinal injuries 
into four major types: compression fracture, burst fracture, 
flexion-distraction (seat-belt) fracture, and fracture-disloca- 
tion. This three-column concept and fracture classification 
are widely used in the evaluation of thoracolumbar spine 
trauma. 

Some investigators [4, 10, 50] have observed that these 
concepts do not seem to apply to the rigid portion of the tho- 
racic spine. As an alternative, Daffner et al. [50] proposed 
radiographic criteria for instability that would apply to the 
entire vertebral column. When one or more of the following 
five radiographic signs are present, the injury is considered 
unstable: displaced vertebrae, widened interlaminar or inter- 
spinous distance, perched or dislocated facet joints, 
increased interpediculate distance, and disrupted posterior 
vertebral body line. 

Other investigators think that although the three-column 
theory is clinically attractive, it is not valid biomechanically. 
Studies of kinematics during spinal loading and fracture 
have shown significant variability in injuries produced with 
similar forces [4]. Yoganandan et al. [51] proposed that insta- 
bility should be considered as a continuum, in which partial 
injuries to different structures of the spine may allow patho- 
logic amounts of motion, even if gross failure is not evident 
initially. This continuum of instability may lead to late defor- 
mity as well as to neurologic deterioration (Fig. 7). 
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Fig. 7.—Delayed instability. 

A, Lateral radiograph of thoracic spine ob- 
tained at admission in a 22-year-old woman in- 
volved in a car accident shows vertebral body 
compression fractures involving three midtho- 
racic vertebrae. She was neurologically intact 
at admission. The injury was judged to be 
stable and was treated with a brace. 

B, 8 weeks after A, the patient returned with 
weakness and neurologic deficits in lower ex- 
tremities. Lateral radiograph shows increased 
wedging of bodies of T6 and T7 and progres- 
sive kyphosis as compared with A. 


A 


Fig. 8.—Kiimmell’s disease. 
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A, Lateral radiograph of thoracolumbar junction obtained on day of injury shows normal T11 vertebra. 
B, Lateral radiograph obtained 2 months after injury shows collapse of T11 vertebra. 
C, Sagittally reconstructed CT scan, obtained at same time as B, shows intravertebral and intradiskal vacuum phenomena, characteristically associ- 


ated with Kimmell’s disease. 


Delayed Posttraumatic Vertebral Collapse (Ktimmell’s 
Disease) 


Delayed posttraumatic vertebral collapse, also known as 
Kummell’s disease, has been reported in the thoracic and 
thoracolumbar regions [52]. This is a poorly understood phe- 
nomenon, but it is generally accepted that minor trauma 
without overt fracture can lead to delayed collapse of the 
involved vertebra. Evidence favors avascular necrosis as the 
mechanism for the delayed collapse, as the majority of 
reported patients were on long-term corticosteroid therapy 
[53]. Spinal angiography and pathologic findings also sup- 
port avascular necrosis as the mechanism underlying 
delayed vertebral collapse [52]. Radiographically, Kummell’s 
disease presents as vertebral body collapse after minor 
trauma and often is associated with intravertebral and 
intradiskal vacuum phenomena (Fig. 8). 
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Sonography of the Shoulder in 
Patients with Tears of the Rotator 
Cuff: Accuracy and Value for Selecting 
Surgical Options 


OBJECTIVE. The management of patients with signs and symptoms referable to 
the rotator cuff depends on the presence of cuff injury and the size of the tear. Treat- 
ment options include conservative nonsurgical management for patients with an 
intact or partially torn cuff, arthroscopic decompression of the coracoacromial space 
for those not responding to nonsurgical management, and a range of surgical tech- 
niques to repair full-thickness tears. This study was designed to determine whether 
sonographic evaluation with classification of the extent of cuff injury is accurate for 
purposes of treatment planning. 

SUBJECTS AND METHODS. Preoperative sonography of the rotator cuff was per- 
formed on 225 patients, and findings were classified into intact, partial tear, small full- 
thickness tear, large full-thickness tear, and massive tear groups. Surgical correlation 
with the predicted sonographic classification was provided by arthroscopic inspec- 
tion or open surgery. 

RESULTS. The sonographic findings were surgically confirmed for 206 (92%) of the 
225 patients. More extensive cuff injury was encountered during surgery than had 
been predicted sonographically in 11 patients (6%); less extensive injury than pre- 
dicted was found during surgery in eight patients (4%). 

CONCLUSION. Our results show a high correlation between the sonographic clas- 
sification of rotator cuff injury and the surgical findings. The selection of appropriate 
treatment programs can be reliably based on the sonographic classification. 


AJR 1993;160:103-107 


Alleviation of disabling signs and symptoms and restoration of function are the 
goals of therapy for patients with complaints referable to the rotator cuff in the 
shoulder. Medical treatment and a range of surgical therapeutic options are avail- 
able, and the choice between them depends on the presence and magnitude of 
the pathologic changes. Sonography of the shoulder is effective for detecting 
tears of the rotator cuff. The size of the tear can be classified and the findings 
used as a basis for management decisions. This report assesses the accuracy of 
preoperative sonography of the shoulder and the implications of the findings on 
subsequent surgical management. 


Subjects and Methods 


From 1985 to 1991, 800 patients with signs and symptoms referable to impingement and 
suspected tears of the rotator cuff were referred for shoulder sonography. Of these, 106 
men and 119 women 21-81 years old (mean, 59 years old) ultimately required surgical 
management. í 

Shoulder sonography was performed as described by Crass et al. [1] with either a Dia- 
sonics DRF 400 or an Acuson 128 system and with the patient seated. A 7.5-MHz linear- 
array transducer was used routinely; an additional 5-MHz linear-array transducer was used 
for patients with large shoulders. The shoulder was examined anteriorly and laterally in both 
axial and sagittal planes with the patient's arm in neutral and in internally rotated positions; 
the latter was achieved by placing the patient's wrist against the small of the patient's back. 
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Sonographic observations and conclusions were made during 
real-time imaging by using the imaging monitor. Observations were 
made on the presence and magnitude of joint fluid, calcifications, 
the appearance of the long tendon of the biceps muscle and the 
adjacent bicipital groove, the contour of the humeral head and 
tuberosities, and the thickness and echogenicity of the subscapu- 
laris and supraspinatus portions of the rotator cuff. Criteria used for 
tears of the rotator cuff (Fig. 1) were as follows: (1) partial-thickness 
tear: a focal hypoechoic zone within the substance of the rotator 
cuff, small hypoechoic discontinuities of the internal or external sur- 
faces of the cuff, or the presence of a large dominant linear 
echogenic focus within the substance of the cuff with or without 
associated diminution of the cuff thickness; (2) full-thickness tear: a 
hypoechoic zone extending through the entire substance of the cuff 
or segmental-or complete loss. of rotator cuff substance with visual- 
ized tear margins; and (3) massive tear: nonvisuaiization of the rota- 
tor cuff with “approximation” of the deltoid muscle to the surface of 
the humeral head. Cuff arthropathy was: indicated by irregular 
changes in contour involving the humeral head; these usually were 
associated with a high-riding humeral head. An estimate of the size 
of a full-thickness tear was made from images recorded in both axial 
and sagittal planes (Fig. 2). The plane in which the tear was largest 
was used for classification purposes. In the axial plane, the width of 

















Fig. 1.—A-E, Drawings show sonographic appearance of rotator cuff 
Integrity in axial (jeff) and sagittal (righi) planes. 

A, Normal rotator cuff with preserved anterior echogenic arc (arrow) of 
subdeltoid fascia and peritendinous fat. 

B, Partial-thickness tear appearing as intratendinous hypoechoic (thin 
arrow) or dominant echogenic (thick arrows) focus. 

C, Small full-thickness tear appearing as hypoechoic area of cuff dis- 
continuity {fong arrow) and loss of anterior arc and cuff substance at 
junction of cuff with greater tuberosity (short arrows). 

D, Large full-thickness tear. 

E, Massive tear. Rotator cuff is not visualized. Subdeltoid fascia (ar- 
rows) “approximates” humeral head. 
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Fig. 2.-Drawings show sonographic appearances of full-thickness 
tear in axial (lef) and sagittal (right planes. Measurement of tear size 
(solid arrows) defined by width of substance loss and/or length of de- 
pressed segment of anterior echogenic arc (open arrow). 


the cuff defect or the hypoechoic zone or the distance between the 
visualized cuff margins was measured, In the sagittal plane, the dis- 
tance was measured from the greater tuberosity to the visualized 
cuff margin or the length of the depressed interface between the 
supraspinatus and overlying deltoid muscle. If the supraspinatus 
portion was not visualized, the tear was classified as massive and 
was assumed to be greater than 3 cm. The sonographic findings 
were classified as intact normal, partial-thickness tear, small full- 
thickness tear (<1 cm), large full-thickness tear (1-3 cm), or massive 
tear with or without cuff arthropathy (Fig. 3). 

The surgical treatment was generally based on the sonographic 
classification. Patients with a classification of intact normal or partial 
tear who did not respond to medical management within a desig- 
nated time had arthroscopic decompression of the subacromial 
space. Before the decompression, the rotator cuff was completely 
evaluated by means of arthroscopic visualization and palpation 
through multiple portals of the rotator cuff [2, 3]. In each instance, 
the subscapularis, supraspinatus, and infraspinatus portions of the 
rotator cuff were examined from their insertion to their musculoten- 
dinous junctions. Patients with small full-thickness tears were 
treated by arthroscopic decompression combined with a limited 
anterolateral, splitting incision of the deltoid muscle with ivcal reat- 
tachment of the focally detached tendon edge. The rotator cuff was 
examined arthroscopically as described. Patients with large full- 
thickness or massive tears had formal open surgical exposure for 
examination and repair of the rotator cuff. The integrity of the cuff 
and the size of the tear were graded on the basis of surgical find- 
ings, and the results were compared with the sonographic classifi- 
cation. 


Results 


Table 1 lists the results of the sonographic examinations 
and the corresponding surgical findings. On the basis of 
sonographic findings, 71 patients had an intact rotator cuff, 
and 154 had either a partial- or a full-thickness tear. When 
the surgical findings were used as the gold standard, the 
sonographic findings correlated with the surgical findings in 
206 (92%) of 225 patients. A normal rotator cuff was con- 
firmed surgically in 63 (89%) of the 71 patients; three had 
partial thickness tears, and five had small full-thickness 
tears. A partial- or full-thickness tear was confirmed for 143 
(93%) of 154 patients. The sonographic finding of a partial- 
thickness tear was not confirmed surgically for five patients; 
four had a normal rotator cuff, and one had a smali full-thick- 
ness tear. The sonographic finding of a full-thickness tear 
was confirmed surgically in 84 (99%) of 85 patients. One of 
the 85 had a partial-thickness tear, the size of the tear was 
classified incorrectly for five patients. The binary decision 
charts that show the effectiveness of using shoulder 
sonograms to detect the presence of a tear and to correctly 
classify the extent of a tear are shown in Figure 4. 





AJR:160, January 1993 


Fig. 3.—Axial (A, C, and E) and sagittal (B, D, 
and F) sonograms of rotator cuff and tears of 
rotator cuff. 

A and B, Normal intact cuff with convex arc 
of peritendinous fat (long arrows) and attach- 
ment of supraspinatus tendon to greater tuber- 
osity (short arrow in B). 

C and D, Small full-thickness tear. Note 
edges (arrows in C) on axial view and de- 
creased thickness of cuff and subtle loss of 
peritendinous convexity (arrows in D) on sagit- 
tal view. 

E and F, Large full-thickness tear. Short ar- 
rows indicate extent of tear. Long arrows indi- 
cate marked loss of peritendinous convexity. 


Discussion 


For patients with symptoms of rotator cuff impingement, a 
range of management options can be used to alleviate 
symptoms that may be disabling and to restore normal 
shoulder movement. A spectrum of rotator cuff abnormalities 
may be encountered, from early inflammation of the subac- 
romial-subdeltoid bursa and rotator cuff tendon through par- 
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tial-thickness injury to full-thickness tear, detachment, and 
progressive retraction, and finally, degenerative changes 
affecting the glenohumeral joint. Knowledge of the extent of 
damage and of the quality of the remaining rotator cuff tissue 
is key to management. Patients with an intact rotator cuff or 
a partial-thickness tear are initially managed nonsurgically. 
Medical management includes antiinflammatory agents and 
rehabilitative physiotherapy designed to strengthen the cuff 
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TABLE 1: Sonographic vs Surgical Findings in Tears of the Rotator Cuff 


Songraphic No. of 
Findings Patients 
Normal 
Normal 71 63 
Partial-thickness 
tear 69 4 
Small full-thickness 
tear 29 0 
Large full-thickness 
tear 32 0 
Massive tear 24 0 
Total 225 67 


Surgical Findings 


Full-Thickness Tear 
Partial- 


Thickness Small Large a 
ear 
Tear 
3 5 0 0 
64 1 0 0 
0 27 2 0 
1 1 29 1 
0 0 1 23 
68 34 32 24 
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Staging of Tears 


Fig. 4.—Binary decision matrices for sonography vs surgery in tears 
of the rotator cuff. For detection of tears, sonography has a sensitivity of 
95% (150/158), a specificity of 94% (63/67), a positive predictive value of 
97% (150/154), and a negative predictive value of 89% (63/71). For staging 
of tears, sonography has a sensitivity of 91% (143/158), a specificity of 
94% (63/67), a positive predictive value of 97% (143/147), and a negative 
predictive value of 81% (63/78). 


and scapula-support musculature and to reduce impinge- 
ment on the overlying coracoacromial arch. Many of these 
patients respond well and will not require surgery. For those 
who do not respond within a designated time, arthroscopic 
decompression is recommended [4]. Patients with small full- 
thickness tears and persistent symptoms do not respond 
favorably when treatment is limited to arthroscopic decom- 
pression (Seitz et al., presented at the American Shoulder & 
Elbow Surgeons [ASES] annual meeting, March 1991). For 
these patients, arthroscopic decompression is combined 
with a small anterolateral incision for splitting and retraction 
of the deltoid muscle and focal reattachment of the detached 
tendon edge. This minimizes soft-tissue violation, morbidity, 
and the length of convalescence. For patients with large full- 
thickness tears, formal open surgical exposure of the rotator 
cuff is required for mobilization and advancement of the 
retracted tendon edges. Massive tears may require addi- 
tional tendon grafting or transfer [5, 6] (Neer et al., presented 
at ASES annual meeting, February 1988). Finally, joint 
replacement may be required to relieve pain and promote 
stability for those patients with associated arthropathy [7]. 

Several radiologic techniques have been used to detect 
tears of the rotator cuff. Each has limitations, and no clear 
consensus on the optimal diagnostic study has emerged. 
Contrast arthrography is an invasive procedure and does not 
show tears when no free communication with the subacro- 
mial-subdeltoid bursa occurs. MR imaging is currently 
expensive and time-consuming and MR criteria for diagnosis 
of a tear are not universally accepted [8—10]. Our results and 
those from other studies [11-16] emphasize the accuracy of 
shoulder sonography for determining the integrity of the rota- 
tor cuff. Although surgical proof was lacking for 575 patients 
and the surgical group was biased in favor of those with per- 
sistent signs and symptoms or functional limitations of the 
shoulder joint, the surgical findings confirmed the sono- 
graphic findings and grade of rotator cuff injury in most 
patients (Table 1). 

Unfortunately, less favorable results of shoulder sonogra- 
phy have been reported [17-19] and have discouraged the 
general use of this technique [20]. Insufficient experience is 
often cited as the cause for poor results [13, 17]. This reason 
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would appear to be more of an indictment of the operator 
then an inherent limitation of the technique. The selection of 
inappropriate criteria also contributes to diagnostic error, 
especially if hyperechoic foci are considered to be tears [11, 
15, 19, 21, 22]. A frank full-thickness tear is seen as a hypo- 
echoic zone. Inferior results have also been reported when 
partial-thickness tears were included in the assessment of 
overall results [2]. Many patients with partial-thickness tears 
are asymptomatic [3]. As described previously, the presence 
of a partial-thickness tear has minimal impact on the choice 
of therapeutic option. From a practical point of view, patients 
with a partial-thickness tear are managed initially just as 
those with an intact cuff are managed. Finally, although 
images were obtained in the axial and sagittal planes for 
record-keeping purposes, active viewing of the texture and 
thickness of the rotator cuff from the imaging monitor was 
considered essential for diagnosis. In our experience with 
more than 2500 shoulder sonograms, judgments based 
solely on the “hard copy” are frequently in error. Shoulder 
sonography, performed by the radiologist, can be completed 
and a diagnosis established within 15 min. The simplicity, 
rapidity, low cost, and accuracy of the examination make it 
especially attractive as a screening and presurgical staging 
study. The benefits include more precise preoperative plan- 
ning, reduction in surgical morbidity, and better estimates of 
recovery time. 
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Book Review 





Imaging of Athletic Injuries. A Multimodality Approach. By Joseph R. Martire and E. Mark Levinsohn. New York: 
McGraw-Hill, 333 pp., 1992. $89 


This medium-sized volume covers those aspects of musculoskel- 
etal imaging that the authors consider relevant to athletic injuries. 
The emphasis is on three-phase bone scintigraphy, MR imaging, 
and CT. The material reflects the authors’ extensive experience with 
these techniques in their respective capacities as attending radiolo- 
gist for the Union Memorial Hospital and Sports Medicine Center 
and professor of musculoskeletal radiology at the State University of 
New York Health Science Center. Throughout the book, illustrations 
are favored over text, but the text is sufficient to make this book 
more than simply an atias. 

The book is organized by anatomic region into seven chapters, 
starting with the knee then going on to the lower leg, foot, and ankle; 
pelvis, hip, and thigh; shoulder and humerus; hand; wrist, forearm, 
and elbow; and finally the spine. Each chapter has a one- to two- 
page introduction written by an orthopedist that gives a clinical per- 
spective from which to approach the following imaging material. The 
chapters themselves are divided into acute problems, chronic prob- 
lems, and diagnostic problems {i.e., disorders mimicking athletic 
injuries). Each chapter has an extensive reference list, from 85 to 
145 references per chapter. 

The illustrations throughout the book are of excellent quality and 
of a size that facilitate perception of the abnormalities being shown. 
The plain radiographs, cross-sectional images, and bone scinti- 
grams are all well reproduced, clearly labeled, and accompanied by 
well-written captions. The line drawings by Dan Beisel, which are 
scattered through the book, are clear and accurate. Tables in each 
chapter list differential diagnoses, frequency of injuries, and compar- 
ative accuracy of various imaging techniques, complementing the 
text nicely. The index is well set out and useful; for instance, the 
entry “heel pain” directs the reader to a section showing an ana- 
tomic drawing, a table listing causes of heel pain, and a short dis- 
cussion of appropriate imaging techniques. 

The text is well written and appropriately concise for a text/atlas 
of this type, concentrating on defining the disease process in ques- 
tion; outlining the most appropriate imaging studies for the process; 
and, when necessary, detailing any relevant clinical, anatomic, or 


pathologic background necessary for understanding the imaging 
involved. Numerous subheadings divide the text into easily manage- 
able paragraphs. 

Although most of the material presented can be found scattered 
through numerous other sources, this book brings together a wide 
spectrum of disease processes and imaging techniques directed at 
one particular focus, that is, diagnosis of those problems that partic- 
ularly affect athletes. The book has a slight overemphasis on the 
use of three-phase bone scans, presumably reflecting the extensive 
experience of one of the authors. For example, illustrations are pro- 
vided of the appearance on three-phase scan of a ruptured popliteal 
cyst and also of some vascular entities, including ulnar artery throm- 
bosis and a digital artery aneurysm. This is, however, a minor quib- 
ble, and the text has not only abundant references to but also many 
excellent illustrations of the use of other techniques. 

One of the best features of this book is its treatment of athletic 
injuries that are not really covered in standard imaging texts. For 
example, although most radiologists are reasonably familiar with 
shin splints, not many are accustomed to dealing with thigh splints. 
A discussion the features of thigh splints, including anatomic and 
pathologic basis and imaging characteristics, can be found in this 
text. One or two minor omissions, such as the lack of any reference 
to the so-called SLAP lesion of the superior glenoid labrum detract 
only slightly from the usefulness of the book. 

Any radiologist who deals with athletes or indeed any group of 
young active patients will find this text both informative and useful. It 
is both easy to read and extremely well illustrated and referenced. 
The focus on athletic injuries is maintained throughout, making this 
much more than a simple gathering of material that is elsewhere 
available. | expect it will find favor not only with practicing muscu- 
loskeletal radiologists but also with radiologists in general practice, 
residents, and fellows in training. 


Anthony J. Doyle 
University of Utah 
Salt Lake City, UT 84132 





109 


Commentary 


Sonographic Detection and Quantification of Rotator 


Cuff Tears 


William D. Middleton 1 


Much has been written about rotator cuff sonography 
since the original reports appeared in 1985, including a 
whole book on the subject [1]. The preceding article by 
Wiener and Seitz [2] reports their experience during the past 
6 years. Their analysis includes a meticulous correlation of 
sonographic and surgical findings in a large number of 
patients. Like all studies, certain limitations are unavoidable. 
However, critical review of this paper reveals only minor 
shortcomings. In most respects, it provides an excellent 
reflection of the current capabilities of shoulder sonography. 

The present study can be broken down into several parts. 
The first part deals with the accuracy of sonography in 
detecting full-thickness (complete) rotator cuff tears. This 
aspect of rotator cuff sonography has been studied exten- 
sively in the past, and it is well documented that high sensi- 
tivity can be achieved. However, the examination is 
technically difficult to master, and success depends heavily 
on the experience and expertise of the operator. While the 
high accuracy obtained by Wiener and Seitz in detecting 
complete tears is gratifying to those who have encouraged 
the use of rotator cuff sonography, it does not add significant 
new information to the radiologic literature. On the other 
hand, their use of hypoechoic defects, focal loss of rotator 
cuff substance, and nonvisualization of the rotator cuff as cri- 
teria for detecting complete tears are useful, since they sub- 
stantiate recommendations made in other recent publi- 
cations [8, 4]. 

The second part of the study deals with partial tears and 
does provide new data on the subject. Ninety-four percent 
(64/68) of surgically confirmed partial tears were correctly 


distinguished from normal anatomy and from complete 
tears. Only five false-positive diagnoses of partial tears (four 
normal rotator cuffs and one small complete tear) were 
encountered. It remains to be seen if these excellent results 
can be reproduced at other institutions. 

The third aspect of the study correlates sonographic and 
surgical measurements of the sizes of complete rotator cuff 
tears and provides valuable new information. Again, the 
results were excellent, with 94% (79/84) of the sonographic 
measurements correctly predicting tears of less than 1 cm, 
between 1-3 cm, and more than 3 cm in size. The schematic 
illustrations depicting the technique for quantifying the size 
of tears (Fig. 2) provide a nice reference for sonographers 
who are attempting to incorporate these methods into their 
own practice. 

All of these first three aspects of the study deal with a cor- 
relation of sonographic and surgical findings. A potential lim- 
itation of this approach is the lack of analysis of the 575 
patients with normal findings on sonograms and no surgical 
follow-up. Exclusion of these patients makes it impossible to 
determine the true-negative and false-negative rate; thus, 
the sensitivity, specificity, and negative predictive value can- 
not be reliably calculated. Nonetheless, the study population 
does include 71 patients with normal sonographic findings in 
whom surgical correlation was obtained because of persis- 
tent symptoms. It is reasonable to assume that these 
patients were more likely to have rotator cuff tears and thus 
false-negative sonographic examinations than were the 
large group of less symptomatic patients in whom surgery 
was not performed. Therefore, one could argue that the true- 
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negative rate was artificially decreased and the false-nega- 
tive rate was artificially Increased by analyzing only the 225 
patients for whom there was surgical correlation. In other 
words, inclusion of the unproved cases might actually have 
improved the sonographic results. 

Another potential limitation of the study revolves around 
the surgeon's use of the sonographic results to tailor the sur- 
gical approach. Prior knowledge of the sonographic findings 
could certainly bias the surgical findings in such a way that 
there would be fewer false-positives and false-negatives. 
Although this might artificially improve the sonographic 
results, the end point is the patient’s outcome, and it is diffi- 
cult to justify an alternative study design in which the sur- 
geon is blinded to potentially valuable preoperative 
information. 

Another aspect of this study deals with the value of sonog- 
raphy in determining treatment planning. The authors con- 
clude that sonography allows “more precise preoperative 
planning, reduction in surgical morbidity, and better esti- 
mates of recovery time.” Unfortunately, the study provides 
no hard data that clearly substantiate these statements. The 
results do not indicate how often the surgical approach, as 
predicted sonographically, was adequate in treating the 
patient's problem or how often surgery had to be extended 
or altered because of unsuspected surgical findings. In addi- 
tion, the study did not have a control group that was preoper- 
atively assessed by some means other than sonography, so 
it is not really possible to say that sonography was “more 
precise” or “better” because there is nothing to compare it 
with. Nonetheless, the excellent sonographic—surgical corre- 
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lation described in the first part of the study would seem to 
substantiate that sonography can provide information that is 
quite useful in surgical planning; and thus preoperative 
sonography is likely to reduce surgical morbidity and recov- 
ery time. 

In summary, the results of Wiener and Seitz’s study dem- 
onstrate that sonography is clearly capable of providing 
much more information than just whether or not a complete 
rotator cuff tear is present. Owing to refinements in equip- 
ment and technique, and to a better understanding of normal 
and abnormal sonographic findings, it is now possible to pro- 
vide precise quantitative assessment of tear size such that 
decisions concerning conservative vs surgical management 
can be made. When surgery is necessary, sonography can 
help to optimize the surgical approach. These results pro- 
vide optimism for an expanded role of sonography as an 
inexpensive, rapid, and noninvasive means of evaluating the 
rotator cuff. 
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Stress Fractures of the Tarsal 


Navicular Bone: 
CT Findings in 55 Cases 





OBJECTIVE. The purpose of this article is to present the CT findings in 55 cases of 
tarsal navicular stress fracture before and after treatment and to describe the CT pro- 
tocol used. 

MATERIALS AND METHODS. Fifty-five navicular stress fractures in 54 patients 
whose initial and follow-up CT scans were available for study were retrospectively 
reviewed. In most cases, contiguous 1.5-mm axial and 3-mm coronal scans of the 
navicular bone had been obtained. Both feet were scanned for comparison. Follow- 
up scans were obtained between 4 weeks and 6 years. 

RESULTS. On review, fractures were evident in all cases, but six small fractures 
(11%) were missed at the initial interpretation. All fractures involved the central third 
of the proximal dorsal margin of the navicular bone. Fifty-three fractures (96%) were 
partial. Forty-three partial fractures were linear, five were linear with bone fragments, 
and five were rim defects with ossicles. In 13 cases (24%) the fracture was small, 10% 
or less of bone height. The earliest sign of healing, slight dorsal cortical bridging, 
was seen in three of eight cases in which follow-up was done at 6 weeks. Firm corti- 
cal union was noted in 10 (32%) of 31 by 4 months. Nonunion occurred in 12 and was 
indicated by the persistence of the fracture gap and lack of cortical healing. Medul- 
lary cysts (five) and cortical notching (two) were noted to persist after complete 
healing. 

CONCLUSION. CT scanning is a suitable method for detecting navicular stress 
fracture and for performing follow-up examinations. Small fractures may be over- 
looked owing to lack of familiarity with their appearance. 


AJR 1993;160:111-115 


Stress fracture of the tarsal navicular bone is an important, though uncommon, 
cause of foot pain in athletes [1]. CT scanning is increasingly used in the diag- 
nosis of these fractures [2, 3], but to our knowledge the CT appearance of these 
lesions has not been previously reviewed in the radiologic literature. We present 
the CT findings in 55 cases of navicular stress fractures before and after treat- 
ment and describe the CT protocol we have found most useful for detecting these 
fractures. 


Materials and Methods 


The clinical and radiologic findings in 82 patients with 86 radiologically confirmed navicu- 
lar stress fractures, seen in five major sports medicine clinics in Melbourne, Australia, 
between June 1981 and September 1991 were retrospectively reviewed. The clinical details 
and methods of treatment of these patients have been reported by Khan et al. [4]. From this 
original group, 54 patients with 55 fractures, whose initial and follow-up CT scans were 
available for study, were selected for review. The patients’ initial presentation, clinical 
course, and treatment outcome were determined from medical charts including surgical 
reports. The patients in this group participated in a wide variety of sports and included recre- 
ational, amateur, and professional athletes. The group included 24 females and 30 males 
15-30 years old (mean, 21 years). All had foot pain. The average time between the onset of 
signs and symptoms and diagnosis was 4 months (range, 3 days to 2 years). Clinical follow- 
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up was 6-84 months (mean, 24 months). Radiologic studies 
included plain radiographs (47 cases), °°"Tc-scintigraphy (49 
cases), and CT scans at the time of presentation and after treatment 
(55 cases). The initial CT scans were obtained at various institu- 
tions, and several different scanning protocols were used. Most of 
the follow-up CT scans were obtained with a GE 9800 scanner (GE 
Medical Systems, Milwaukee). A bone algorithm was used with the 
following scan protocol: First, with the foot flat, the gantry was 
angled to the plane of the talonavicular joint, and contiguous 1.5- 
mm scans were obtained from the proximal margin of the bone dis- 
tally in the axial plane (Fig. 1A). Then, the foot was placed in the 
anatomic position, the gantry was angled to the plane of the dorsum 
of the foot, and contiguous 3-mm scans were obtained in the coro- 
nal plane from the dorsal margin of the bone in a plantar direction 
(Fig. 1B). Scans were recorded on a window setting of 3000 H at a 
level of 500 H. Both feet were scanned for comparison. All available 
radiologic images were reviewed by a radiologist and two sports 
medicine physicians. CT scans were reviewed for the position, 
appearance, and extent of fracture, which was measured in two 
planes by using calipers. The sagittal extent of the fracture was 
measured on the axial scans and the horizontal extent on the coro- 
nal scans. Fracture size was expressed as a percentage of the sag- 
ittal bone height or horizontal bone length. Follow-up CT scans, 
obtained between 4 weeks and 6 years, were reviewed for signs of 
healing or of nonunion. 


Results 


All fractures involved the central one third of the proximal 
dorsal articular margin of the navicular bone. Two fractures 
were complete and 53 were partial. Forty-three partial frac- 
tures were linear, five were linear with a bone fragment, and 
five had rim defects with associated ossicles. Linear frac- 
tures were either straight (Fig. 2) or curved laterally in the 
sagittal plane (Fig. 3). Linear fractures associated with a 
bone fragment (Fig. 4) appeared Y-shaped on the axial 
image. Ossicles had a rounded margin and a corresponding 
shallow cortical defect in the adjacent bone rim, without a lin- 
ear component (Figs. 5 and 6). On CT scans, all fractures 
were detectable in both planes, and 37 (67%) extended the 
same distance in both planes. In three patients, a fracture 
that was partial in one plane appeared complete in the other 
plane. In 13 cases (24%), the fracture was 10% or less of 
bone height and was less than 5 mm deep. In 27 (49%) the 
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fracture was between 10% and 50% of bone height, and in 
15 (27%) it was greater than 50% of bone height. 

Follow-up scans were obtained in all 55 cases at various 
intervals between 4 weeks and 6 years (Table 1). Most 
scans were obtained at 12 weeks (25 cases). Several 
patients had more than one follow-up scan. The earliest sign 
of fracture healing was slight dorsal cortical bridging, seen in 
three cases at 6 weeks. Firm cortical union was noted in 10 
(32%) of 31 cases by 4 months. By 12 months, firm cortical 
bridging was present in three cases and two fractures were 
healed—one with a residual cyst. Seven patients were 
scanned more than 1 year after the initial examination. In all 
seven cases, the fracture had healed, but in two, a small 
dorsal cortical notch was present at the fracture site. In five, 
a residual cyst or cleft was noted. 

Clinical nonunion was diagnosed in 12 patients. In these 
cases, follow-up CT scans showed persistence of the frac- 
ture gap without cortical bridging. In one case, treated with 
weight-bearing rest, CT showed sclerosis outlining the frac- 
ture margins, indicating nonunion (Fig. 7). 


Discussion 


The correct diagnosis of tarsal navicular stress fractures is 
frequently delayed for several months, partly because the 
clinical onset is insidious, with nonspecific signs and symp- 
toms, and partly because these fractures often are not evi- 
dent on plain radiographs of the foot [5]. In 1982, Torg et al. 
[6] reviewed the diagnosis and treatment of 21 cases of nav- 
icular stress fracture and suggested a systematic approach 
to radiologic workup, including plain radiography, bone scin- 
tigraphy, and fine-section linear tomography. Since that time, 
CT scanning has become widely accepted for the detection 
of bone abnormalities and is now the method of choice for 
the confirmation of these fractures. CT scanning offers better 
spatial resolution than linear tomography does and allows 
scanning in the axial plane. This is an advantage when frac- 
tures are oriented in the sagittal plane. 

On CT scans, the proximal articular rim of the normal nav- 
icular bone appears extremely dense, almost sclerotic, and 
is ringlike on true axial images (Fig. 3). This apparent bone 
sclerosis may reflect the great mechanical load normally 


Fig. 1.—Digital scout radiographs of feet. 
Lines indicate scan planes and region to be 
scanned. 

A, Axial scans are obtained with the foot 
down. Gantry is angled to plane of talonavicular 
joint. Scans of 1.5-mm sections begin just prox- 
imal to navicular articular rim. 

B, Coronal scans are obtained with the foot 
in anatomic position. Gantry is tilted to approx- 
imate plane of dorsal surface of bone. Scans of 
3-mm sections include proximal dorsal articu- 
lar margin of bone. 
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Fig. 2.—Partial linear fracture of right navic- 
ular bone in a 21-year-old male middle-distance 
runner who had signs and symptoms for 2 
months. Axial CT scan shows 3-mm sagittal 
fracture (arrow) of middle third of proximal dor- 
sal articular margin of bone. 


STRESS FRACTURE OF TARSAL NAVICULAR BONE 


Fig. 3.—Complete fracture of right navicular 
bone in a 22-year-old female sprinter who had 
signs and symptoms for 6 weeks. Axial CT 
scan angled to plane of talonavicular joint 
shows complete, undisplaced fracture curving 
slightly laterally from middle third of dorsum of 
bone. In this plane, normal proximal articular 
rim of navicular bone appears as a sclerotic 
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Fig. 4.—Partial linear fracture of right navicu- 
lar bone in a 22-year-old heptathlete who had 
signs and symptoms for 1 month. Axial CT scan 
shows a Y-shaped fracture with an undisplaced 
small bone fragment in normally sclerotic dorsal 
rim of navicular bone. 


ring. 


borne by the relatively small, concave articular surface of 
this bone during weight bearing. In this series, all fractures 
occurred in the dense rim. Although most stress fractures 
are linear defects, some have associated bone fragments, 
and others appear as rim defects without a linear compo- 
nent. A linear fracture with small bone fragments was seen 
in five cases. On axial scans, such fractures have a Y- 
shaped appearance, with the fragment contained in the 
bifurcation of the Y (Fig. 4). These fractures most likely cor- 
respond to the transverse fragments on linear tomograms 
described by Torg et al. [6]. Rim defects, without a linear 
fracture line but with associated ossicles, were also seen in 
five cases. In one, a small osteochondral fragment was par- 
tially separated from the adjacent bone (Fig. 5); in the other 
four, rounded ossicles were clearly demarcated from a con- 
gruent cortical defect. Such rim fractures with ossicles may 
represent stress avulsion fractures, as recently described by 


Fig. 5.—Partial osteochondral rim fracture of 
left navicular bone in a 15-year-old female 
sprinter who had signs and symptoms for 3 
months. Axial CT scan not in plane of talonavic- 
ular joint shows a saucer-shaped fracture line 
(arrow) in dorsal cortical rim of bone and a 
small undisplaced fragment. Adjacent bone 
sclerosis is normal. Location of fracture is typi- 
cal for stress fracture. No linear fracture line is 
present. 


Fig. 6.—Partial fracture of left navicular bone 
with small ossicle in a 16-year-old male sprinter 
who had signs and symptoms for 3 months. 
Coronal CT scan shows a clearly defined ossi- 
cle (arrow) with a corresponding defect in dor- 
sal articular rim of left navicular bone. 


Orava et al. [7]. Accessory ossicles in this region have a sim- 
ilar appearance, but their margins are beveled and are 
incongruent with the adjacent cortex [8]. It may be difficult to 
distinguish avulsion fractures and accessory ossicles on the 
basis of the CT appearance alone. However, an appropriate 
Clinical history, localized tenderness over the navicular bone, 
and abnormal findings on a bone scan should suggest a 
fracture. The demonstration of small bone fragments or ossi- 
cles may be significant, because in symptomatic persons, 
surgical removal of the separated bone results in earlier 
healing of the fracture [7]. 

Tarsal navicular stress fractures respond well to conserva- 
tive treatment [4, 6], and surgery is reserved for the removal 
of bone fragments and the treatment of nonunited or dis- 
placed fractures [4]. The CT appearance of healing stress 
fractures confirms the previously reported findings of Torg et 
al. [6], who used linear tomography. Early healing is indi- 
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TABLE 1: Summary of Follow-up CT Findings in 55 Cases 


EEE EEE 


Follow-up Interval/Major Finding No. 
4-6 Weeks 
No change 2 
Widening gap 2 
Early cortical bridging 3 
Ossicle removed 1 
Total 8 
2—4 Months 
Fracture extended 2 
Widened gap 1 
No change 13 
Surgery 
Ossicles removed 2 
Fixation screw 3 
Firm cortical union 10 
Total 31 
6-12 Months 
No change 2 
Surgery (fixation screw) 2 
Firm cortical union 3 
Healed 1 
Healed; residual central cyst 1 
Total 9 
More than 12 months 
Healed; residual central cyst or cleft 5 
Healed; residual cortical notch 2 
Total 7 
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cated by dorsal cortical bridging, which may be seen as 
early as 6 weeks and which often is followed by firm cortical 
union by 3-4 months. Radiologic signs of fracture healing, 
however, lag behind clinical findings, and may vary, depend- 
ing on the treatment interval and on whether the patient has 
been bearing weight. However, CT scans obtained 6 weeks 
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after treatment begins may be misleading because they may 
show apparent fracture widening and loss of fracture line 
definition because of demineralization. At this stage, 
absence of navicular pain and tenderness is a better indica- 
tor of fracture healing than CT findings, and therefore routine 
scanning of the foot for follow-up of healing is not recom- 
mended. Even at 3 or 4 months, a significant number of 
cases show little change in the appearance of the fracture 
although they are clinically uniting. After complete clinical 
union, with radiologic evidence of solid cortical bridging, cen- 
tral cysts or clefts or a notch in the dorsal cortical margin 
may persist at the fracture site for months or years (Figs. 8 
and 9). 

Clinical nonunion is indicated by tenderness over the nav- 
icular bone and persistent pain on exercise and was seen in 
12 cases in this series. CT scans showed a lack of cortical 
bridging and persistence of the fracture gap in all 12 cases. 
In one case (Fig. 7), treated initially by weight-bearing rest, 
sclerosis was noted along the fracture margin and was 
assumed to be a sign of nonunion. It must be stressed that 
the normal sclerosis of the proximal navicular articular mar- 
gin is not a sign of nonunion, as has been suggested by pre- 
vious authors [2, 6]. The absolute sensitivity or specificity of 
CT in the detection of navicular stress fractures cannot be 
determined from this study. Fractures were seen on all CT 
scans reviewed but were missed in six cases (11%) at the 
time of initial presentation. The most likely cause for misdi- 
agnosis is lack of familiarity with the appearance of small 
fractures confined to the dorsal bone margin. Detection of 
small fractures depends on careful attention to scan posi- 
tioning and filming. It is essential that all of the proximal artic- 
ular surface of the navicular bone is included in the scan 
plane. Because of the normally high density of this region of 
the bone, it is also important to view and film the images at 
appropriately high window and level settings (3000 H/500 
H). Fine-section 1.5-mm axial scans, with comparison views 





Fig. 7.—Nonunited partial fracture of right nav- 
icular bone in a 19-year-old female sprinter 
whose treatment was weight-bearing rest for 6 
months. Coronal CT scan shows blurring of cor- 
tical defect and sclerosis (arrow) surrounding 
medullary portion of fracture, indicative of non- 
union. Proximal marginal sclerosis is normal. 


sprinter. 


Fig. 8.—Stages in healing of partial fracture of right navicular bone in a 23-year-old female 


A, Axial CT scan obtained 6 weeks after foot was immobilized with non—weight-bearing cast 
shows cortical bridging with 5-mm residual cyst. 

B, Axial CT scan obtained 13 months after A shows dense cortical healing with persistent cyst 
and small cleft. Patient was asymptomatic at this time. 
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Fig. 9.—Stages in healing of complete tarsal navicular fracture in a 17-year-old female basketball player. 

A, Coronal CT scan shows a complete sagittal fracture with a 3-mm gap at time of initial diagnosis. 

B, Coronal CT scan obtained after patient had 3 months of non-weight-bearing rest shows fracture margins are blurred and callus is forming. 

C, Coronal CT scan obtained 3 months after B shows complete cortical fusion has occurred, with a small step defect in proximal articular margin of 
bone (arrow). Normal proximal cortical sclerosis is present at all stages (A-C) 


of both feet, were used in our scan protocol to aid in the 3. Ting A, King W, Yocum L, et al. Stress fractures of the tarsal navicular in 
detection of small fractures. With experience, however, 3- 'ongdistance- runners: Clin Sports Mad 1998:7:89-101 

n $ ; 4. Khan KM, Fuller PJ, Brukner PD, Kearney C, Burry H. Outcomes of con- 
mm Seang of one leg only are sufficient for diagnosis. Scan- servative and surgical management of navicular stress fracture in ath- 
ning in two planes is helpful for accurately measuring frac- letes: 86 cases demonstrated with computerized tomogram (CT). Am J 
ture depth and length but is not essential for diagnosis, as all Sports Med 1992:20:657-666 
fractures were evident in both planes. 5. Gordon GM, Solar J. Tarsal navicular stress fractures. J Am Podiatr Med 


Assoc 1985;75:363-366 
6. Torg JS, Pavlov H, Cooley LH, et al. Stress fractures of the tarsal navicu- 
lar: a retrospective review of 21 cases. J Bone Joint Surg [Am] 1982:64- 
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Book Review 





MRI Atlas of the Joints. Normal Anatomy and Pathology. By John D. Reeder and Samuel M. Andelman. 


Baltimore: Williams & Wilkins, 246 pp., 1992. $85 


MRI Atlas of the Joints: Normal Anatomy and Pathology is an 
unusual amalgam of an anatomic atlas and a text/teaching file. The 
text is divided into six sections according to commonly imaged 
joints: wrist, elbow, shoulder, hip, knee, and ankle. The section on 
the knee is 67 pages long, approximately one quarter of the book. 


Each section begins with a two- to three-page summary of the perti- « 


nent anatomy. These summaries are the book’s strongest suit, as 
they are pithy and clear. They do, however, presume a basic general 
understanding of the anatomy. Each summary is illustrated with sev- 
eral line diagrams of anatomic cutaways of the various joints. 
Because of their orientation and lack of detailed labeling, the dia- 
grams add little to the corresponding text. After the overview of anat- 
omy, the book provides an extensive series of MR images, in three 
planes, of the joint being discussed. These images are T1-weighted 
3- to 5-mm sections without corresponding specimen photographs. 
The image quality is mediocre, particularly for images of small parts 
such as the wrist and ankle. The labeling of normal anatomy is quite 
accurate; however, the detail of the labeling is inadequate for an 
atlas. 

The teaching-file section is also a strong point of the book. 
Although the image quality is suboptimal, the cases selected for dis- 
cussion are by and large appropriate. The major exceptions in terms 
of case selection are the absence of discussions of chondromalacia 
in the section on the knee and of medial collateral ligament abnor- 
malities and bursitis in the section on the elbow. Also, too much 


emphasis is placed on neoplasms and systemic disease for a book 
of this level. The discussions that follow the case presentations are 
excellent: clear, accurate, and easy to follow. They are, however, 
quite brief, and readers with even a modest experience in muscu- 
loskeletal MR imaging will find little new information. Additionally, 
some discussions are too concise for such clinically significant enti- 
ties as triangular tears of the fibrocartilage, avascular necrosis, and 
osteomyelitis. 

The quality of paper and binding is good. The illustrations, how- 
ever, are less than state of the art. The cost, $85, seems appropriate 
for the book’s length. 

This book has relatively little direct competition. It is not truly an 
atlas of musculoskeletal MR imaging and pales when compared 
with the book by Kang and Resnick. As a text of musculoskeletal 
MR imaging, it is too brief to be compared with those by Berquist, 
Firooznia et al., and Bloem and Sartoris. As a teaching file, it is most 
similar to Mink and Deutsh’s MAI of the Musculoskeletal System: A 
Teaching File. That text, although more detailed and informative, 
lacks a consistent discussion of normal anatomy. MRI Atlas of the 
Joints will be most appropriate for beginning residents on their first 
MR rotation and those who desire an overview of musculoskeletal 
MR imaging; others, | fear, would soon outgrow it. 

Mark E. Schweitzer 
Thomas Jefferson University Hospital 
Philadelphia, PA 19107 
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Intrinsic and Extrinsic Carpal 
Ligaments: Evaluation by 
Three-dimensional Fourier Transform 
MR Imaging 


OBJECTIVE. As evaluation of the anatomic and functional integrity of intrinsic and 
extrinsic carpal ligaments with conventional imaging methods is difficult, we 
designed a study to evaluate the ability of three-dimensional Fourier transform MR 
imaging to show the carpal ligaments. 

SUBJECTS AND METHODS. We obtained coronal MR images of 15 cadaveric 
wrists and 15 wrists of patients, using three-dimensional volume acquisition with a 
gradient-recalled echo sequence and a 1.5-T magnet. The MR findings were com- 
pared with the findings on dissection in the 15 cadaveric wrists and with the surgical 
findings in eight patients. 

RESULTS. All the volar ligaments had a striated appearance on MR images, with 
alternating bands of low and intermediate signal intensity. No tears of the extrinsic 
ligaments were seen. The intrinsic scapholunate and lunotriquetral ligaments were 
seen as structures with more homogeneously intermediate intensity attaching to 
their adjacent bone through high-signal-intensity hyaline cartilage. For the cadaveric 
wrists, MR indications of a tear of the scapholunate ligament were true-positive in 
three and false-negative in three; indications of a tear of the lunotriquetral ligament 
were true-positive in five, false-positive in two, and false-negative in one. For the 
eight patients with surgical confirmation, the MR findings regarding tears were true- 
positive in two and true-negative in six. Neither surgery nor MR imaging showed any 
tears of the scapholunate ligament. 

CONCLUSION. Three-dimensional Fourier transform MR imaging with thin slices 
provides the resolution necessary to visualize the anatomic detail of the extrinsic and 
intrinsic ligaments of the wrist, but additional clinical experience with this technique 
will be required to determine its diagnostic capabilities. 


AJR 1993;160:117-123 


Although the clinical importance of the extrinsic and intrinsic carpal ligaments is 
emphasized in the literature on hand surgery [1, 2], evaluation of the anatomic 
and functional integrity of these ligaments can be difficult. With ligamentous inju- 
ries and degenerative disease, clinical symptoms and signs are often nonspecific 
[1], plain radiographic findings are frequently normal, and arthrographic findings 
can be difficult to correlate with clinical findings [3, 4]. 

The inherent ability of MR imaging to enable distinction of cartilage from liga- 
ment suggests that this technique could be used to evaluate all ligaments, includ- 
ing those of the wrist. Because carpal ligaments are small and intricate [1, 2, 5], 
detailed MR images of them require use of techniques that provide both thin con- 
tiguous slices and a high signal-to-noise ratio. Three-dimensional Fourier trans- 
form (3DFT) MR imaging provides thinner slices at a higher signal-to-noise ratio 
than two-dimensional Fourier transform imaging does [6], and with gradient- 
recalled echo (GRE) sequences, the imaging time is sufficiently short to permit its 
use clinically [7-9]. In view of these considerations, we designed a preliminary 
study to evaluate, first with cadavers and then with patients, the ability of 3DFT 
GRE MR imaging to show normal anatomy of and pathologic changes in extrinsic 
and intrinsic carpal ligaments. 
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Materials and Methods 


Fifteen fresh frozen and thawed cadaveric wrists and 15 wrists of 
patients were imaged with a 1.5-T MR system (Signa, General Elec- 
tric, Milwaukee, WI). On the basis of the results of earlier investiga- 
tions [10], we decided to restrict imaging to the coronal plane. For all 
studies, a body coil was used as the transmitter. For five cadaveric 
wrists and two wrists of patients, a two-piece single-loop surface coil 
[11] was used as the receiver. For all other studies, a two-coil array 
(a two-piece surface coil combined with a second single-loop coil, 
both of which are perpendicular to the axis of the primary magnetic 
field and to each other) was used as the receiver coil (Fig. 1). 

The position of the hand and wrist was specific. The hand was 
placed in a comfortable fisted position across the gantry so that the 
wrist lay in approximately 15° of extension and neutral radioulnar 
deviation. The configuration of the surface coils was such that the 
long axis of the forearm was required to align perpendicularly to the 
magnetic field. The required alignment was achieved by positioning 
the patient supine with the wrist overhead, with a soft support under 
the chest to avoid hyperflexion of the shoulder. The position was 
well tolerated by patients. 

The imaging protocol was established on the basis of pilot stud- 
ies with five cadaveric wrists and two wrists of volunteers. To deter- 
mine the optimal imaging parameters, we imaged these wrists by 
using a TR of 60-90 msec (60 msec was the shortest TR time avail- 
able for an 8-cm field of view), a TE of 13-30 msec, and a flip angle 
of 5-90°. The optimal slice thickness was determined by using 
thicknesses of 0.7, 1.0, 1.5, and 3.0 mm. To evaluate the impor- 
tance of the matrix size, we imaged wrists by using 256 x 256 and 
256 x 128 matrices. All images were acquired by using an 8-cm field 
of view and one excitation. With a TR/TE/flip angle combination of 
69/17/20°, the imaging time was 9 min 30 sec, and the major volar 
extrinsic and intrinsic ligaments and the articular cartilage were visu- 
alized. A slice thickness of 1 mm was thin enough for visualization of 
all the ligaments and thick enough for acceptable signal-to-noise 
ratio. A 256 x 256 matrix was required to distinguish the ligaments 
from the cartilages and to distinguish the adjacent cartilages from 
each other. 

The MR images were read in consensus by two radiologists. On 
the images, the major volar ligaments, including the radioscapho- 
capitate, the radiolunotriquetral, the radioscapholunate, and the del- 
toid ligaments were identified [1, 2] (Fig. 2). Similarly, the 
interosseous intrinsic ligaments, including the scapholunate and 
lunotriquetral ligaments, were identified [1, 2] (Fig. 2). The triangular 
fibrocartilage complex also was identified, but the details of our 
observations regarding that complex are the subject of a separate 
report. After the MR study was completed, the intrinsic and major 
volar ligaments of the cadaveric wrists were evaluated first via a 





Fig. 1.—Two-piece receiver coil used for MR imaging of ligaments of 
wrist. 
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dorsal radiocarpal arthrotomy and subsequently by complete volar 
and dorsal dissection. These ligaments cannot be distinguished as 
separate structures by volar gross dissection. They are best seen 
from their posterior aspect as visualized through dorsal arthrotomy. 
First, the intrinsic interosseous ligaments were examined, with spe- 
cial attention to the appearance, orientation, and size of the fibers. A 
search was made for partial and full-thickness tears also. To detect 
small tears, we injected saline into the intact midcarpal joint and 
detected leaks by direct visualization through the radiocarpal arthro- 
tomy incision. After that, the major volar ligaments were examined. 
Normal and pathologic findings on dissection were correlated with 
the corresponding MR images. The prospective MR findings were 
correlated with the surgical findings also in the eight patients who 
subsequently underwent arthrotomy. 


Results 


One of the important observations from this investigation 
was that neither the normal anatomy of nor pathologic 
changes in the extrinsic and intrinsic wrist ligaments could 
be fully appreciated without evaluating all the thin contigu- 
ous MR images. Therefore, Figure 3 shows most of the 
sections of a representative normal cadaveric wrist. 


Normal Findings 


This imaging technique provided particularly good con- 
trast between cartilage, ligament, and bone. All cartilages in 
the radiocarpal joint, midcarpal joint, and distal radioulnar 
joint appeared as high-signal-intensity areas with fine low- 
signal-intensity outer borders (Fig. 3). The articular ridge 
between the scaphoid and lunate fossae on the articular sur- 
face of the radius was covered by a thin layer (1—2 mm thick) 
of soft tissue (Fig. 4). This tissue had low signal intensity on 
MR images (Fig. 3). Low-signal-intensity synovial tissue was 
commonly seen in the more dorsal sections of the midcarpal 
joints at the level of the triquetral hamate articulation (Figs. 3 
and 5). 

The appearance of the major volar ligaments was similar 
in both cadaveric and patients’ wrists. The radioscaphocapi- 
tate, radiolunotriquetral, and deltoid ligaments were consis- 
tently visualized on at least three contiguous slices (Fig. 3). 
All these ligaments appeared as striated structures with 
alternating bands of low and intermediate signal intensity. 

The radioscaphocapitate ligament is the most radial of the 
major volar ligaments. It originates at the styloid process of 
the radius, continues across the waist of the scaphoid bone, 
and attaches to the head of the capitate bone [2] (Figs. 2 
and 3). Because of its relatively large size and obliquity, its 
configuration and course could usually be followed through 
four or five contiguous slices. 

The radiolunotriquetral ligament originates on the radius 
just ulnar to the radioscaphocapitate ligament (Figs. 2—4). 
The deep fibers of the radiolunotriquetral ligament were 
attached to the volar aspect of the lunate bone, securing the 
radius to the lunate bone and the lunate bone to the trique- 
tral bone (Fig. 3). The radiolunate and lunotriquetral portions 
of the ligament were visualized in two to three slices. 

The deltoid ligament consists of a fan-shaped array of 
fibers extending from the capitate bone to the triquetral, 
scaphoid, and lunate bones (Figs. 2 and 5). The lunate 
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Fig. 2.—A and B, Diagrams show 
volar (A) and dorsal (B) views of 
intrinsic and major volar ligaments. 
a = radioscaphocapitate ligament, 
b = radiolunotriquetral ligament, c 
= radioscapholunate ligament, d = 
scapholunate (intrinsic) ligament, 
e = lunotriquetral (intrinsic) lig- 
ament, f = capitotriquetral arm of 
deltoid ligament, and g = capito- 
scaphoid arm of deltoid ligament. 




















A 


fascicle is frequently absent [2]. It was not seen in this series 
and is not illustrated in Figure 2. With the hand in the fisted 
imaging position, the most volar portion of the capitate bone 
is located dorsal to the most volar aspect of the lunate bone. 
Consequently, the capitotriquetral arm of the deltoid liga- 
ment was visualized at the same level as the deeper fibers 
of the radiolunotriquetral and radioscaphocapitate ligaments 
(Fig. 3). 

For all these ligaments, the striated fascicular structure 
and orientation of the bundles seen on the MR images could 
also be detected in the dissected wrists. 

The radioscapholunate ligament originates on the radius 
more dorsally and medially than the radiolunotriquetral liga- 
ment does (Figs. 2 and 4). Its origin on the cortical bone in 
the volar indentation of the radius could be readily seen on 
the MR images (Fig. 3). On MR images, this ligament had 
areas of mixed high and intermediate signal intensity, but the 
striations prominent in the other volar ligaments were not 
apparent. Both dissections and MR images showed that the 
volar fibers were attached to the cortex of the corresponding 
bones. The more dorsal fibers merged with the fibers of the 
intrinsic scapholunate ligament (Fig. 4). 

The intrinsic scapholunate ligament is horseshoe-shaped 
in the sagittal plane (Fig. 5) and connects the volar, proxi- 
mal, and dorsal borders of the scaphoid bone to the lunate 
bone (Figs. 2, 4, and 5). On MR images, it appeared as a 
structure with low to intermediate signal intensity (Fig. 3). 
The most volar and dorsal portions of the ligament were 
directly attached to the scaphoid and lunate bones. The mid- 
portion of the ligament showed variable attachment to bone 
and articular cartilage, with variable signal intensities. The 
proximal-distal dimension of the midportion of the ligament 
was termed its “thickness.” The thickness of this ligament in 
the midcoronal plane varied from 2 mm in some specimens 
to as much as one third the height of the lunate bone in 
others. 

The intrinsic lunotriquetral ligament is also horseshoe- 
shaped in the sagittal plane (Fig. 6), and like the scapholu- 
nate ligament, it connects the volar, proximal, and dorsal 
borders of the two bones (Figs. 2, 4, and 6). It appeared to 


be much thinner in proximal-distal dimension than the 
scapholunate ligament. Its volar and dorsal portions 
appeared to attach directly to the corresponding cortical 
bone, with the low signal intensity of the ligament blending 
with the low signal intensity of the bone (Fig. 3). The midpor- 
tion of the ligament appeared to attach to the corresponding 
cartilage of the lunate and triquetral bones (Fig. 3), with the 
homogeneous low-signal intensity of the ligament blending 
into the higher signal intensity of the articular cartilage. 


Pathologic Findings 


The MR images for both surgical cases and cadaveric dis- 
section were interpreted both prospectively and retrospec- 
tively. No tears of the radioscaphocapitate, radio- 
lunotriquetral, radioscapholunate, or deltoid ligaments were 
detected either on MR images or by dissection in these 
wrists. 

On MR images, tears of the scapholunate ligament 
appeared as a discontinuity in the normal homogeneous low 
signal intensity of the intact ligament. The tears involved 
either the middle part of the substance (Fig. 7) of the liga- 
ment or its attachment to the lunate or scaphoid bone (Fig. 
8). In some cases in which the ligament had detached from 
the cartilage, the remnant had retracted, making that portion 
of the ligament appear thicker. 

On dissection, five cadaveric wrists showed a full-thick- 
ness tear of the scapholunate ligament, and one showed a 
partial-thickness tear. Prospective interpretation of the MR 
images of the 15 cadaveric wrists falsely indicated no tear in 
three wrists. In all three cases, the defects were small, 
involving only the dorsal third of the ligament. Two of these 
short-segment small tears could be detected retrospectively. 
None of the eight patients who had surgery were thought to 
have tears of the scapholunate ligament on the basis of pre- 
operative MR images, and no tears were detected at 
surgery. 

MR findings with respect to torn lunotriquetral ligaments 
were similar to those noted for the scapholunate ligament. 
On MR images of both patients’ and cadaveric wrists, tears 
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of the lunotriquetral ligament appeared as discontinuities in 
the normal homogeneous low signal intensity of an intact lig- 
ament (Fig. 8). All tears of the lunotriquetral ligament in this 
study occurred in the midportion (volar to dorsal) of the liga- 
ment. Defects were noted both in the middle of the sub- 
stance and at the cartilaginous junction of the ligament. 
Dissection showed full-thickness tears of the lunotriquetral 
ligament in six of the 15 cadaveric wrists. MR findings inter- 
preted as showing a tear were false-negative for one wrist 
and false-positive for two. In the eight patients who had sur- 
gery, two tears of the lunotriquetral ligament were identified 
prospectively with MR, and both of these were confirmed at 
surgery. No MR findings were false-positive or false-nega- 
tive with respect to lunotriquetral ligaments in these eight 
patients. 


Discussion 


3DFT GRE MR imaging is useful in the evaluation of large 
joints [7—-9, 12]. The improved signal-to-noise ratio offered by 
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this technique has allowed use of thin slices in the knee, and 
this has led to improved visualization of meniscal cartilage 
and cartilage injuries [12]. In the spine, thin-section tech- 
nique has been shown to provide excellent visualization of 
the spinal cord and CSF [13, 14]. 

Thin and contiguous slices are needed for adequate MR 
imaging of the wrist because even many of the larger liga- 
ments about the wrist are no more than 1-2 mm thick. 
Although 3DFT GRE imaging in conjunction with a special- 
ized surface coil was used in this study, other imaging 
sequences might be comparable, or more effective. Regard- 
less of the pulse sequence used, however, both thin (1.0-1.5 
mm) and contiguous slices are needed. 

This study showed that the extrinsic and intrinsic carpal 
ligaments can be depicted in detail with 3DFT MR imaging. 
The MR appearance of the volar ligaments, bands of low 
signal intensity separated from each other by areas of higher 
signal intensity, corresponded well with the anatomic find- 
ings in dissected cadaveric wrists, which showed these liga- 
ments were composed of strong fascicles separated by 
loose connective tissue. The orientation and configuration of 
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Fig. 3.—A-J, Coronal MR images through cadaveric wrist show volar ligaments and intrinsic lig- 
aments. Note low-signal-intensity line bordering all cartilages. Soft tissue covers articular ridge of 
radius (white arrow in F) and synovial tissue is visualized at the triquetral hamate articulation (large 
arrowin J). Radioscaphocapitate (a), radiolunotriquetral (b), and deltoid ligaments (f and g) are seen 
as low-signal-intensity bundles separated by areas of higher signal intensity. Radioscapholunate 
ligament (c) has a less-organized appearance than other volar ligaments. Intrinsic scapholunate (d) 
and intrinsic lunotriquetral (e) ligaments have low intermediate signal intensity. 


the fascicular bands associated with the various ligaments 
was sufficiently specific that these individual ligaments could 
be readily distinguished from one another on both MR 
images and gross dissection. The orientation of the liga- 
ments was optimal for imaging in the coronal plane, as this 
made it possible to visualize them in several contiguous 
slices. Use of a 1-mm slice thickness minimized partial 
volume effects. Although none of the wrists in this series had 
tears of the major volar ligaments, we think that disruption of 
any of these ligaments could be readily visualized with this 
MR technique. 

The MR appearance of the radioscapholunate ligament 
differed from the appearance of both the other extrinsic volar 
ligaments and the intrinsic ligaments. Histologically, the col- 
lagen fibers of the radioscapholunate ligament are loosely 
organized, and this ligament is more vascular than the 
neighboring ligaments [15]. As the fibers of the radioscapho- 
lunate ligament merge with the fibers of the scapholunate 
ligament [15], these two structures cannot be distinguished 
from each other on MR images. An explanation for the vari- 
able signal intensity of the attachment of the midportion of 
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the scapholunate ligament to the corresponding structure is 
being sought. Because of partial volume effects, small tears 
in the thin dorsal third of the horseshoe-shaped ligament 
may be difficult to visualize. This problem was thought to be 
responsible for the three false-negative findings of partial 
tears of the scapholunate ligament in cadaveric specimens. 

One potential cause for false-positive findings indicating 
tears of the scapholunate ligament is misinterpretation of the 
low signal intensity associated with the soft tissue covering 
the ridge between the scaphoid and lunate fossae of the 
radius. If the low signal associated with this tissue is inter- 
preted as being part of the scapholunate ligament, the 
normal joint fluid visualized between this tissue and the adja- 
cent scapholunate ligament may be interpreted as a tear of 
the scapholunate ligament. 

Although we had no false-positive or false-negative MR 
findings indicating presence or absence of tears of the luno- 
triquetral ligament in the eight wrists of patients who had sur- 
gery, this ligament was inconsistently visualized in the 
cadaveric wrists. The explanation for the two false-positive 
MR findings in the cadaveric specimens is unclear. Even in 





Fig. 4.—Dorsal dissection of radiocarpal joint 
shows radioscaphocapitate (a), radiolunotri- 
quetral (b), radioscapholunate (c), scapholunate 
(d), and lunotriquetral (e), ligaments; radius (r); 
and scaphoid (s), lunate (I), and triquetral (t) 
bones. Note soft tissue (arrow) at radiolunate 
ridge. 
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Fig. 5.—Sagittal section through scapholu- 
nate joint shows scapholunate ligament viewed 
from radial aspect (volar aspect is indicated by 
small arrow). Dorsal two thirds of this horse- 
shoe-shaped ligament (/arge arrow) is thinner 
than volar third. 
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Fig. 6.—Sagittal section through lunotrique- 
tral joint shows lunotriquetral ligament (black 
arrow) viewed from radial aspect (volar aspect 
is indicated by white arrow). Ligament is horse- 
shoe-shaped and thin throughout its extent. 


Fig. 7.—Coronal MR image of wrist shows 
tears of scapholunate and lunotriquetral liga- 
ments. Note midsubstance tear in scapholu- 
nate ligament (arrowhead) and absence of 
lunotriquetral ligament (arrow). 


Fig. 8.—Coronal MR image of wrist with tears 
in scapholunate and lunotriquetral ligaments. 
Scapholunate ligament is detached from 
scaphoid bone (arrowhead), and lunotriquetral 
ligament is detached from triquetral bone 


(arrow). 


Fig. 9.—A, Coronal MR image of wrist 
shows tear in dorsal third of lunotriquetral lig- 
ament (arrow). 

B, More volar section of same wrist shows 
normal ligament. 
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retrospect, the ligaments in these wrists could not be visual- 
ized. These false-positive findings might be due to postmor- 
tem changes within degenerative ligaments that caused 
increased water content within the ligament and associated 
increased signal intensity with subsequent misinterpretation. 
One avoidable potential cause for false-positive MR findings 
of tears of the lunotriquetral ligament in patients is the lack of 
familiarity with the normal MR appearance at the ligament- 
bone interface. Because the ligament inserts through carti- 
lage at both the lunate and triquetral attachments, the high 
signal associated with the cartilage should be anticipated 
and interpreted as a normal finding, not as a discontinuity or 
tear within the ligamentous tissue. The high prevalence of 
lunotriquetral tears in cadaveric wrists reflects the high 
prevalence of tears in the wrists of elderly persons. 

The contrast inherent in this imaging technique enables 
clear distinction of hyaline cartilage from the adjacent sub- 
chondral bone and collagenous ligamentous tissue. The 
explanation for the consistent observation of a thin, low-sig- 
nal-intensity border to the otherwise high signal associated 
with the articular cartilage is unclear. We think that this bor- 
der may represent the horizontally oriented collagenous sur- 
face layer of normal hyaline cartilage, or perhaps some other 
architectural or chemical differences in the surface of the 
cartilage, as opposed to its deeper aspects [16]. 

One of the potential benefits of using MR imaging to eval- 
uate the ligamentous integrity of the carpus is the possibility 
of staging or quantifying ligamentous defects. Degenerative 
changes leading to small perforations of the intrinsic liga- 
ments are common [17]. Inasmuch as many of the small 
central perforations are asymptomatic, specific knowledge of 
the exact location and extent of ligamentous tears may be 
useful. 

Although our experience is limited, the results of this study 
show that 3DFT imaging with very thin slices provides 
detailed information about the extrinsic and intrinsic liga- 
ments of the wrist. We think that refinements of this tech- 
nique will further improve our ability to precisely localize and 
stage the extent of ligamentous and soft-tissue disorders of 
the wrist. 
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Book Review 





Pediatric Skeletal Radiology. Edited by Martin H. Reed. Baltimore: Williams & Wilkins, 677 pp., 1992. $140 


This textbook is the combined effort of several North American 
and Canadian pediatric radiologists. The work covers pediatric skel- 
etal radiology from head to toe. 

The book is divided into four main sections. The first, or general, 
section covers various topics, including dysplasias, metabolic and 
hematologic abnormalities, soft tissues and joints, and miscella- 
neous abnormalities. The second section consists of chapters on 
the axial skeleton and includes ones on the thorax, the skull, and 
facial bones. The appendicular skeleton is covered in the third sec- 
tion. Included here are chapters on the hand and foot, injuries, infec- 
tion, and normal and abnormal development patterns and another 
chapter on miscellaneous disorders. The final section on techniques 
has chapters on determination of skeletal maturity, metacarpal pha- 
langeal profile analysis, arthrography, and limb length discrepan- 
cies. Some of the more commonly used techniques (e.g., scoliosis 
measurement and foot varus/valgus determination) are mentioned 
in preceding chapters. 

The image quality is excellent throughout the book. The numer- 
ous images used are mainly plain radiographs, without many exam- 
ples of scintigrams, CT scans, or MR images. A design problem 
detracts from many images: They are separated from the relevant 
text by pages of information on subsequent subjects. Many of the 
images would be more instructive if explanatory arrows were used 
to point out subtleties. The legends for the parts of one figure have 
been reversed, thereby mislabeling the thanatophoric dysplasia as 
normal. Another oversight was printing a figure upside down. 


The layout of the book would benefit from a different organiza- 
tional sequence. The first chapter is about dysplasias, whereas the 
chapter about development is in the middle of the book. | found no 
objective difference between the short chapter in the first section 
called “Trauma” and a subsequent chapter titled “Injuries” in the 
third section. The same applies to the two “Miscellaneous” chapters. 

The chapters on the spine and tumors are comprehensive, edu- 
cational, and concise. As with all books written by more than one 
author, the writing style varies from chapter to chapter. In addition, 
the first section contains multiple grammatical errors. Constant 
referral to topics in other sections has resulted in some areas of cur- 
sory coverage. The length of explanations is not always related to 
the frequency of occurrence of the conditions described. It is 
unusual to find discussion of the skull and facial bones in a book on 
skeletal radiology. The two chapters on these areas are superficial 
and attempt to cover such topics as retinoblastoma, sinusitis, and 
juvenile angiofibroma, which might be better dealt with in a neurora- 
diology textbook. 

in summary, parts of this book are too superficial for a pediatric 
radiologist and yet too detailed for a medical student. Although | 
cannot recommend Pediatric Skeletal Radiology, the book may still 
be of use to general radiology residents who already have a founda- 
tion in radiology. 

Ronald B. J. Glass 
Children’s National Medical Center 
Washington, DC 20010 
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Viral Infections of the CNS in Children: Imaging Features 


D. W. W. Shaw! and W. A. Cohen? 


In this paper, we review the imaging findings associated with 
the major viral infections of the CNS in infants and children. We 
approach these infections by grouping them into several cate- 
gories: congenital infections in neonates, aseptic meningitis 
and encephalitis, acute disseminated encephalomyelitis and 
other postviral syndromes in older children, and HIV infection. 


Imaging has various functions in children with viral CNS 
infection. With some agents, such as reactivated latent her- 
pesvirus type 1, imaging may suggest the diagnosis. With 
others, such as congenital cytomegalovirus (CMV), imaging 
may suggest the presence of infection and show the extent 
of involvement, but immunologic and culture methods are 
needed to suggest the causal agent (Fig. 1). With epidemic 
encephalitis, such as Western equine encephalitis, imaging 
findings are used to exclude a bacterial process or complica- 
tions. In patients with acute disseminated encephalomyelitis, 
imaging may show the extent of disease and suggest the 
nature of the process. 

The wide range of clinical and imaging findings and the 
spectrum of agents seen with viral CNS infections in children 
reflect the immaturity of children’s nervous and immune sys- 
tems. In the fetal nervous system, the severity of the 
sequelae of infection tends to reflect the gestational age of 
the fetus at the time of exposure. Other age-related differ- 
ences are seen with neonates and young children, whose 
immature immune system renders them susceptible to a dif- 
ferent spectrum of viral agents with a wide range of viru- 
lence. 
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Congenital and Perinatal Viral Infections 


The principal congenital viral infections, rubella, cytomeg- 
alovirus (CMV) infection, and herpes simplex commonly 
occur in the perinatal period and have been grouped with 
toxoplasmosis (caused by an obligate intracellular parasite) 
as the TORCH infections. Infection with HIV type | also 
occurs perinatally; however, the principal manifestations of 
HIV infection most often occur outside the perinatal period. 
Vaccination programs have diminished the prevalence of 
perinatal infections caused by other agents, such as mea- 
sles, mumps, and varicella-zoster viruses, and reports of 
neonatal infection with other viral agents, such as enterovi- 
rus, are only sporadic. 

In general, sequelae of an intrauterine infection reflect the 
agent involved and the stage in fetal development at which 
exposure occurred. Early infections can result in embryonic 
death with resorption or spontaneous abortion, intrauterine 
growth retardation, and developmental anomalies. Some 
congenital viral infections, such as rubella, CMV infection, 
herpes simplex, herpes zoster, and HIV infection, can persist 
in the neonate. The clinical features of these infections, such 
as encephalitis or failure to thrive, can then reflect the per- 
sistence of viral infection in addition to the effects of intrau- 
terine exposure. 

Perinatal exposure to viral agents occurs via three path- 
ways. In utero, the placenta is generally effective in protect- 
ing the fetus; thus, most episodes of maternal viremia are 
not associated with placental or fetal involvement. Neverthe- 
less, placental transgression does occur and is the usual 
route by which the fetus is infected. Less commonly, trans- 
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mission involves ascending infection via the cervix. Expo- 
sure also may occur during delivery, either as the infant 
descends through the vaginal canal or by direct contact with 
the monitor’s electrodes [1]. 

Radiologic manifestations of this group of infections are 
similar, with differences stemming from the time of exposure 
during gestation and the age of the child when the diagnosis 
is made. In general, the later the diagnosis is made, the 
more difficult it is to identify the causal agent. Often, antibody 
titers indicating exposure to a specific agent are the only 
way to confirm a specific diagnosis. Imaging in the young 
infant is complicated by incomplete myelination of white mat- 
ter, with its lower density on CT scans and hyperintensity on 
T2-weighted MR images, which can obscure abnormalities 
(or result in overdiagnosis of cerebral edema). 


Cytomegalovirus Infection 


CMV, a DNA virus of the herpesvirus group, is the most 
frequent cause of congenital viral infections and is reported 
to be present in 1% of neonates, although only 10% of 
infected neonates are symptomatic. Most significant con- 
genital infections (with clinically apparent sequelae) occur by 
placental transgression during the primary episode of mater- 
nal infection; the prevalence may be as high as 58%. Con- 
versely, asymptomatic infection, whether congenital or 
perinatal, is more common if maternal viremia results from 
reactivation of a latent infection or if neonatal exposure 
occurs via cervical secretions or infected breast milk [2]. 

CNS sequelae associated with congenital CMV infections 
include seizures, mental retardation, optic atrophy, sen- 





Fig. 1.—10-month-old child with develop- 
mental delay and microcephaly. Presumptive di- 
agnosis was cytomegalovirus (CMV) en- 
cephalitis. Axial CT scan shows hydrocephalus, 
hypodensity, volume loss, and punctate calcifi- 
cations (arrows) in a predominantly periventric- 
ular distribution. Most likely cause is 
intrauterine infection by Toxoplasma, rubella 
virus, CMV, or herpesvirus. Serum assays for 
rubella, toxoplasmosis, and herpes simplex 
were negative. It was not possible to test a child 
of this age for infection with CMV. 
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sorineural hearing loss, and hydrocephalus. Pathologically, 
cerebellar hypoplasia, periventricular calcifications, cerebral 
atrophy, porencephaly and subependymal cysts, polymicro- 
gyria, and delayed myelination have been described [2]. 
CMV may remain latent and be shed during asymptomatic 
periods. Reactivation can occur, most commonly in those 
who become immunocompromised, as has been reported in 
an infant with human T-cell leukemia virus type 3 [3]. 

Either MR imaging or CT can be used to assess the extent 
of disease. Calcifications are better evaluated with CT, 
whereas the extent of parenchymal disease is more accu- 
rately shown with MR imaging [4]. MR findings in one group 
of 10 children included dilated lateral ventricles in 10, large 
subarachnoid spaces in eight, oligogyria and pachygyria in 
eight, delayed myelination in seven, paraventricular cysts in 
six, and intracranial calcification in one [5]. Intracranial calci- 
fication (Figs. 1 and 2), reported in up to 40% of affected 
children, is typically periventricular but can also be found in 
basal ganglia and subcortical and cortical regions [2]. 
Subependymal periventricular cysts, usually in the occipital 
lobe, are thought to be associated with necrosis and gliosis. 
Such cysts can also be diagnosed with sonography. Similar 
cysts have been associated with rubella, bacterial ventriculi- 
tis, and intraventricular hemorrhage. Associated microgyria 
is a frequent neuropathologic finding but may appear on 
imaging studies as oligogyria or pachygyria [6]. This focal 
cerebral dysplasia (Fig. 3) is thought by some to result from 
congenital vascular insufficiency [7]. Cerebral atrophy, indi- 
cated by an increase in the size of ventricles and subarach- 
noid spaces, can be shown with MR imaging, CT, or 
sonography; however, MR is more sensitive for the detection 
of delayed or pathologic myelination [5]. 


B 


Fig. 2.—1-month-old child whose mother was infected by cytomegalovirus (CMV) during preg- 
nancy. Presumptive diagnosis was CMV encephalitis. 

A, Coronal sonogram shows hydrocephalus with bilateral, highly echogenic periventricular foci 
(arrows). This appearance is highly suggestive of an intrauterine infection. 

B, Axial CT scan through body of lateral ventricles shows hydrocephalus and prominent periven- 
tricular calcifications. This appearance is typical for a neonate who had a severe early intrauterine 
infection. Calcifications are better shown on unenhanced CT scans than on MR images. 
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Fig. 3.—Congenital cytomegalovirus (CMV) 
encephalitis. 

A and B, Axial MR images through bodies of 
lateral ventricles (A) and centrum semiovale (B) 
show dysplastic cortex in right frontal lobe and 
areas of increased T2 signal scattered through 
white matter. Calcifications were present in cor- 
responding areas on CT scan. (Courtesy of A. J. 
Barkovich, San Francisco, CA.) 


Herpes Simplex 


Herpes simplex types | and Il are also caused by DNA 
viruses of the herpesvirus group. Either type can be perina- 
tal; however, type 2 accounts for 80-90% of neonatal and 
almost all congenital herpesvirus infections. Fetal herpes 
simplex is relatively rare, but CNS sequelae of such infection 
are generally severe. In one series of 13 infants infected in 
utero, 12 had skin lesions, seven had microcephaly, five had 
hydrocephalus, two had microphthalmia, and eight had 
chorioretinitis [8]. Unlike the case in other perinatal infec- 
tions, intrapartum transmission via direct contact rather than 
transplacental transgression is the origin of most neonatal 
herpesvirus infections; the reported prevalence is between 
one in 200 and one in 5000 deliveries. Diagnosis is difficult 
because the mother may not have a history of genital herpes 
or evidence of active infection. Furthermore, neonatal her- 
petic skin lesions may be absent (or misdiagnosed) [9]. 

Classically, neonatal herpetic infections are divided into 
three clinical categories: (1) skin, eye, and mouth; (2) dis- 
seminated; and (3) CNS infections. Cutaneous infections are 
the most common (43%) and the mildest form; nevertheless, 
without treatment, the infection will progress to disseminated 
or CNS disease in 75% of infected children. Disseminated 
disease tends to manifest by 10-11 days after birth, with 
signs and symptoms that suggest severe bacterial sepsis. 
CNS manifestations are present in approximately half of the 
cases. In disseminated herpes simplex, the mortality rate is 
almost 80% in untreated infants and usually more than 50% 
in those who are treated. Isolated CNS herpesvirus infection 
manifests in neonates 2—4 weeks after birth as fever and 
lethargy followed by seizures [10]. Pathologically, all cells of 
the CNS can be infected, yet the predilection is involvement 
of endothelial cells, which can result in vascular thrombosis 
and hemorrhage [9]. 

CT scans and MR images may show focal evidence of 
cerebral edema, but either can show normal findings during 
the initial episode of encephalitis. Thus, neither CT nor MR 
findings should be used to exclude diagnosis. The most fre- 
quent initial finding on CT scans is widespread, patchy areas 


VIRAL CNS INFECTIONS IN CHILDREN 127 





of low attenuation in the cerebral cortex and white matter 
(Fig. 4), which Noorbehesht et al. [11] found in 12 of 15 
infants. The earliest reported diagnosis was in a 1-week-old 
neonate. On MR images, patchy areas of increased T2 sig- 
nal are seen in the cerebral hemispheres and the basal gan- 
glia, thalamus, and cerebellum. Neonatal infections do not 
have the temporal lobe predilection seen in herpesvirus 
infections in older children and adults [12]. Encephalomala- 
cia, which develops rapidly, may be visible within the first 2- 
3 weeks. Foci of hemorrhage and dystrophic calcification 
occur in the basal ganglia and periventricular white matter, 
although hemorrhage has been seen more often on patho- 
logic examinations than on imaging studies. A linear gyriform 
pattern of increased attenuation on non—contrast-enhanced 
CT has been reported and attributed to the presence of cal- 
cification [11, 13], to changes in local vascularity, or to pro- 
longed retention of contrast material in regions where the 
blood-brain barrier is disrupted [14] (Fig. 4). We have also 
occasionally observed a linear gyriform pattern of hyperin- 
tensity on T1-weighted images. Some have speculated the 
underlying disease relates to cortical laminar necrosis. CT 
early in the course of infection is not a good predictor of out- 
come, although findings on later scans are more accurate 
indicators of prognosis [11]. Sonography in neonates with 
herpesvirus infection may show linear thalamic echogenici- 
ties, thought to reflect vasculopathy [15]. 


Rubella 


Placental transmission of the rubella virus occurs at the 
time of primary maternal infection. If this occurs during the 
first trimester, the risk of fetal infection may approach 85%. 
Gestational age at the time of infection is the most important 
factor in ultimate outcome. The infection can kill the fetus or 
have no apparent effect. Infections in the first 2 months of 
gestation are associated with cataracts and cardiac abnor- 
malities. In 10-20% of affected infants, an acute meningoen- 
cephalitis is present at birth, which can be correlated with 
motor and mental retardation. In the remainder of young 
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Fig. 4.—2-week-old child who had had a seizure. Presumptive diagnosis was herpes simplex. 

A, Initial unenhanced axial CT scan shows patchy areas of low attenuation throughout both hemispheres. Sulcal pattern is difficult to discern. 

Band C, Axial CT scans, obtained 1 week after A, without (B) and with (C) IV contrast material show patchy areas of low attenuation throughout white 
matter. Ventricles are somewhat smaller than normal, suggestive of underlying edema. On C, note gyral pattern of enhancement in cortex and along 


edges of ventricles. 


D, Axial CT scan obtained when child was 1 month old. IV contrast ma 


terial had been given 12 hr before this scan. Patchy areas of low attenuation 


remain scattered throughout white matter, while striking, gyriform pattern of increased density is present in both ganglia (solid arrows), right frontal 
operculum, and left insula (open arrow). Areas of high attenuation, which can represent calcification, local hemorrhage, or delayed clearance of IV con- 


trast material, can develop quite rapidly in children. 


E, Unenhanced CT scan (obtained 1 month after D) shows marked periventricular and parenchymal calcification; marked encephalomalacic change 
with loss of tissue in both frontal lobes, more so in left one than in right one; and marked dilatation of both lateral ventricles. 


infants, rubella may be subclinical [16]. Deafness, often not 
detected until the infant is older, is the most common feature 
of congenital rubella. Congenital rubella has been implicated 
as the cause of a chronic progressive panencephalitis simi- 
lar to subacute sclerosing panencephalitis associated with 
measles [17, 18]. The pathologic appearance of rubella is 
characterized by a generalized vasculitis with relatively little 
cellular necrosis [19]. 


Microcephaly and intracranial calcifications are seen with 
congenital rubella. Of five patients with congenital rubella 
who had CT, four had areas of low density in the centrum 
semiovale and periventricular white matter, and two had 
calcified nodules [20]. The white matter changes may have 
reflected the delayed myelination described in pathologic 
studies [19]. Because of the widespread use of vaccination, 
few descriptions of neonatal rubella have been published. 
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HIV Infection 


A characteristic dysmorphic syndrome associated with 
congenital HIV infection has been reported [21]. The primary 
features included growth failure and microcephaly. This has 
not, however, been consistently observed, and the imaging 
features of the syndrome have not been described. More 
commonly, the CNS abnormalities associated with HIV infec- 
tion become manifest during infancy and early childhood 
[22]. 


Acute Meningitis or Encephalitis 


Acute viral infection of the CNS commonly causes menin- 
gitis or encephalitis, whether in children or adults. Most 
viruses are pantropic, able to produce either meningitis or 
encephalitis. Because most viral meningitides are benign 
and self-limited, exclusion of other, particularly bacterial, 
infections that may require active medical intervention is 
often the main clinical issue. Enteroviruses (echoviruses, 
coxsackieviruses) are thought to be responsible for 50-80% 
of all cases of viral meningitis. Other viral agents include 
mumps virus, Epstein-Barr virus, and arbovirus, although in 
any particular case, the specific organism usually is not iden- 
tified [23]. Clinically, patients have headache, fever, and 
signs and symptoms of meningeal irritation. 

Encephalitis occurs when the brain parenchyma is 
invaded by the virus and clinically should be suspected if the 
patient has seizure, delirium, and focal neurologic signs. 
Viral encephalitis may occur sporadically (nonepidemic) or in 
epidemics; the season, timing, and geographical distribution 
generally reflect the vector mechanism [24]. 

Imaging findings in patients with viral meningitis are gen- 
erally normal. Viral meningitis does not produce the men- 
ingeal enhancement seen with contrast-enhanced CT or 
gadolinium-enhanced MR imaging in some cases of severe 
bacterial meningitis. Unless encephalitis is also present, the 
brain parenchyma is also normal, and even with some viral 
encephalitides, such as that caused by enterovirus, the CT 
or MR appearance remains normal. Other organisms such 
as herpesvirus may produce a necrotizing or hemorrhagic 
infection that is visible on CT or MR. 


Epidemic Encephalopathies 


The most common viral encephalitides are spread by 
arthropods (ticks and mosquitoes). The causal agents have 
previously been classified as arboviruses, although more 
recently this classification has been reorganized. Those 
commonly encountered in North America include Eastern 
equine encephalitis, Western equine encephalitis, and Vene- 
zuelan equine encephalitis, all of which occur as sporadic 
epidemics most severely affecting the young and elderly. 
Mortality in those more than 50 years old who have clinically 
evident and diagnosed Eastern equine encephalitis may 
reach 80%, and survivors less than 10 years old have signif- 
icant sequelae. Yet in patients 15-55 years old, the disease 
may be mild or inapparent. Western equine encephalitis has 
a similar clinical picture but is more prevalent in those less 
than 1 year old. Venezuelan equine encephalitis tends to be 
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a rather mild infectious syndrome; encephalitis symptoms 
are seen in 4% of young patients and only 0.4% of adults 
infected. Pathologically, in those dying, both gray and white 
matter can be involved with perivascular inflammation and 
formation of inflammatory nodules. Patchy areas of demyeli- 
nation may be seen in the white matter. In these entities, CT 
findings generally have not been useful for diagnosis, and lit- 
tle information on MR findings has been reported [24]. 


Herpes Simplex 


Herpesvirus is thought to be the most frequent cause of 
nonepidemic encephalitis. It is common in children and 
adults; 33% of patients in the National Institutes of Health 
trial of acyclovir vs vidarabine treatment of herpes simplex 
were less than 20 years old [25]. Most cases of herpes sim- 
plex that occur outside the neonatal period are due to her- 
pesvirus type | infection. Unlike many viral encephalitides 
that represent a primary infection, encephalitis caused by 
herpes virus | occurs as a reactivation of latent virus within 
the trigeminal ganglion. Encephalitis results from retrograde 
transport of virus into the CNS. Although the infection rapidly 
disseminates throughout the brain, characteristically, the 
temporal lobes are involved first. 

The earliest CT findings, which reflect this initial temporal 
lobe localization (Fig. 5), have low density in the temporal 
lobes associated with hemorrhage and streaky contrast 
enhancement [26]. Localized or generalized edematous 
changes can progress ultimately to atrophy, multicystic 
encephalomalacia, and gyriform high attenuation (Fig. 5). 
This gyriform high density is more commonly seen in chil- 
dren (and neonates) than in adults [13]. MR similarly shows 
edema with mass effect and increased T2 signal within the 
temporal lobe. Rarely, herpesvirus encephalitis can be mani- 
fested as diffuse brainstem encephalitis without alteration of 
the level of consciousness [25]. In general, the imaging 
appearance with CT does not accurately reflect the clinical 
course, which is significant because early treatment with 
antiviral agents, most recently acyclovir, has improved the 
otherwise 67% mortality associated with herpesvirus en- 
cephalitis [9]. MR is more sensitive than CT for detecting the 
presence of infection and has been used to show response 
to antiviral therapy [27]. 


Mumps 


Mumps virus previously was the single most common 
agent producing aseptic meningitis and mild encephalitis. 
Immunization has markedly diminished the incidence and 
subsequent complications of mumps, although the vaccine 
is successful in only 75-90% of patients. In the CNS, 
mumps produces meningism in more than half the cases. 
Associated encephalitis is much rarer but also has a signifi- 
cant mortality and morbidity. Pathologically, mumps pro- 
duces areas of perivascular inflammation and demyelination 
scattered throughout the CNS [28]. Not unexpectedly, MR 
has been reported to be more sensitive than CT in delineat- 
ing these lesions; however, not many imaging studies have 
been done [29]. Some think that mumps encephalitis is simi- 
lar to other postinfectious encephalitides [28]. 
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Rubella, Measles, and Chickenpox 


The common viral infections of childhood occasionally can 
involve the CNS at the time of the acute infection. Chicken- 
pox (varicella) is associated with an acute meningoencepha- 
lomyelitis, and encephalitis has been reported with German 
measles (rubella). Before immunization became wide- 
spread, encephalitis as a complication of measles occurred 
in about one per 1000 cases. It is now seen only rarely in 
immunologically normal children. Measles encephalitis 
pathologically resembles subacute sclerosing panenceph- 
alitis. 

Subacute sclerosing panencephalitis, which can occur 
years after a primary infection with measles, continues to 
have an unclear pathogenesis. Some think that it represents 
reactivation of a latent infection, infection with a variant of 
the measles virus that is behaving as a “slow virus,” or an 
immunologic response to a previous infection with measles 
virus. CT findings in a patient with subacute sclerosing 
panencephalitis may be normal or may show patchy low 
density, mainly in the white matter. These lesions may 
enhance with IV contrast material [30]. MR imaging shows 
patchy areas of increased T2 and decreased T1 signal inten- 
sity in the white matter and basal ganglia, which may repre- 
sent inflammation, demyelination, gliosis, or some com- 
bination of these [31]. 


Acute Disseminated Encephalomyelitis 


Acute disseminated encephalomyelitis commonly occurs 
as a sequela to another process, such as measles, rubella, 
varicella-zoster, smallpox, mumps, and upper respiratory 
infections. Considered to have a similar pathogenesis are 
the encephalitides that occur after vaccination for smallpox, 
measles, or rabies. With the reduced use of vaccination for 
smallpox and the development of vaccines for the common 
childhood exanthems, most episodes of acute disseminated 
encephalomyelitis are now related to viral infections of the 
upper respiratory tract. 
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Fig. 5.—18-month-old child with clinical evi- 
dence of encephalitis. Presumptive diagnosis 
was herpes simplex. 

A, Initial unenhanced CT scan shows areas 
of low attenuation within both temporal lobes, 
compression of both temporal horns and both 
lateral ventricles, and extension of this process 
into the parietooccipital regions bilaterally. Ac- 
companying scan obtained after injection of 
contrast material (not shown) showed no abnor- 
mal enhancement. 

B, Axial CT scan obtained 1 week after A. IV 
contrast material has been administered. Mass 
effect is diminished, basal cisternal and ventric- 
ular structures are larger than normal, and gyral 
pattern of enhancement is present throughout 
both temporal lobes. This pattern of temporal 
lobe involvement is classic for herpetic infec- 
tion outside the perinatal period. Herpes sim- 
plex is commonly thought to result from 
reactivation of virus residing within trigeminal 
ganglia. 


Acute disseminated encephalomyelitis is thought to be an 
immunologic reaction to the viral infection, less commonly a 
reaction to a viral toxin. Virus has not been isolated from 
patients with this syndrome. The pathologic appearance 
suggests loss of myelin, sparing of axons, perivascular lym- 
phocytic and mononuclear infiltration, edema, and endothe- 
lial proliferations. Lesions can be located throughout the 
CNS, including cerebrum, cerebellum, brainstem, and spinal 
cord. Although acute disseminated encephalomyelitis is 
mainly a white matter process, lesions can be found in the 
gray matter. Acute hemorrhagic leukoencephalitis is thought 
to be an aggressive form of acute disseminated encephalo- 
myelitis in which microscopic areas of hemorrhage occur. 

MR is more sensitive than CT for the diagnosis. CT find- 
ings in patients with the clinical diagnosis of acute dissemi- 
nated encephalomyelitis may be normal or the scans may 
show areas of patchy low attenuation in the white matter 
accompanied by focal or more diffuse cortical enhancement. 
In general, lesions seen on CT tend not to correspond to the 
extent or pattern of clinical disease [32]. However, on T2- 
weighted MR images, multiple areas of increased signal are 
found throughout the CNS and correspond to the patient’s 
clinical deficits (Fig. 6). As in multiple sclerosis, in acute dis- 
seminated encephalomyelitis, T2-weighted images are more 
sensitive than T1-weighted images for detection of the 
abnormalities [33]. In three patients, Atlas et al. [34] found 
clear abnormalities on T2-weighted images and no abnor- 
malities on T1-weighted images (Fig. 7). Others [85] have 
seen similar abnormalities and found similar insensitivity of 
CT compared with MR imaging, although the exact imaging 
sequences used were less well defined. Contrast enhance- 
ment has been seen in lesions of acute disseminated 
encephalomyelitis in animal models [36]. 

Children with acute disseminated encephalomyelitis can 
have a subacute process that reflects the areas of the CNS 
involved. Common signs and symptoms include headache, 
diplopia, ataxia, hemiparesis, seizures, dysarthria, and coma 
[35]. Treatment with steroids is used to minimize the residual 
neurologic deficits [33]. 
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Fig. 6.—2-year-old who was lethargic and had had a viral infection of upper respiratory tract 3 weeks earlier. Presumed diagnosis was acute dissem- 
inated encephalomyelitis. 

A, Paramedian sagittal T2-weighted MR image shows multiple areas of increased signal throughout both gray and white matter. Lesions are present 
in all compartments, including posterior fossa and brainstem. Lesions are present in corpus callosum (white matter) and thalamus (gray matter) also. 

B, Sagittal T1-weighted MR image shows an area of relatively low signal intensity (arrow) in anterior body of corpus callosum, which corresponds to 
an area of increased signal on T2-weighted images. However, most lesions seen on T2-weighted images are inapparent on T1-weighted images. 

C, Axial T2-weighted MR image shows multiple areas of increased signal in both gray and white matter, including right caudate nucleus, bilateral 
lentiform nuclei, and both thalami. Unlike lesions of multiple sclerosis, those of acute disseminated encephalomyelitis can occur in gray matter or white 
matter tracts. 


Fig. 7.—9-year-old boy with headache and 
cerebellar findings 3 weeks after an infection of 
upper respiratory tract. Presumed diagnosis 
was acute disseminated encephalomyelitis. 

A, Axial T1-weighted MR image shows com- 
pression of fourth ventricle, effacement of cere- 
bellar folia bilaterally, and a suggestion of lower 
signal intensity in both cerebellar hemispheres. 

B, Axial T2-weighted MR image at same level 
as A shows large areas of increased signal in- 
tensity in both cerebellar hemispheres. Extent 
of involvement is shown better on T2- than on 
T1-weighted MR images. Patient has acute hy- 
drocephalus with dilated temporal horns and 
periventricular transudation of CSF (arrows). 

C, Sagittal T1-weighted MR image shows 
swollen cerebellar hemispheres, compression 
of fourth ventricle, compression of brainstem, 
and downward displacement of cerebellar ton- 
sils. 

D, Sagittal T1-weighted MR image obtained 3 
weeks later shows resolution of process within 
cerebellum. Fourth ventricle is slightly enlarged, 
cerebellar folia are well seen, and brainstem and 
cerebellar tonsils have returned to a normal po- 
sition. 
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HIV Infection in Infants and Children 


Infants and children infected with HIV are particularly at 
risk for neurologic complications. Most childhood exposure 
to HIV results from transmission from an infected mother 
(transplacental exposure), exposure to maternal blood dur- 
ing delivery, or ingestion of virus during breast feeding [22]. 
Diagnosis of HIV may be difficult in infants because pas- 
sively transmitted maternal antibodies may be present in 
children up to 15 months after birth. Thus, early diagnosis 
requires culture of virus, demonstration of viral antigens, evi- 
dence of immunodeficiency, or the presence of a character- 
istic symptom complex. The number of children who have 
acquired HIV from transfusions or from contaminated blood 
products is somewhat smaller; however, these children were 
infected early in the course of the epidemic and do not form 
a significant proportion of new cases. A separate classifica- 
tion for HIV infection in children less than 13 years old has 
been established by the Centers for Disease Control [37]. 

In children, neurologic manifestations of HIV infection tend 
to have typical clinical features, including failure to reach 
developmental milestones, apathy, and spastic paraparesis 
[22]. In a study by Belman et al. [38], 61 of 68 infants and 
children had CNS dysfunctions as a manifestation of HIV 
infection. Neurologic signs included microcephaly, develop- 
mental delay, cognitive deficits, bilateral pyramidal tract 
signs, mild-to-moderate spastic diparesis or paraparesis, 
movement disorders, and ataxia. Seizures were uncommon. 

Opportunistic infections are exceedingly unusual in infants 
and children who have AIDS, although sporadic cases of 
CNS lymphoma have been reported. Infectious complica- 
tions include severe manifestations of more common dis- 
eases, such as those caused by Epstein-Barr virus, 
Streptococcus pneumoniae, and Hemophilus_ influenzae 
(Fig. 8). Disseminated CMV encephalitis has been seen at 
autopsy and Candida infections have been reported. Also 
occurring in children are episodes of intracranial hemor- 
rhage associated with immune thrombocytopenia [38, 39]. 
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Fig. 8.—1-year-old child who had a fever and 
lethargy and whose mother was seropositive for 
HIV. Pneumococcus was cultured from CSF. 
Presumed diagnosis was pneumococcal menin- 
gitis. 

A, Axial CT scan shows obscured cisterns, 
hydrocephalus, and an area of low attenuation in 
posterior temporal lobe on right side, suggestive 
of an area of infarction. Relative obscuring of 
cisterns suggests either a highly aggressive 
process or hemorrhage within basal cisterns. 

B, Contrast-enhanced axial CT scan shows 
marked enhancement of all basal cisternal struc- 
tures. As on A, an area of infarction in poster- 
otemporal lobe on right side is not enhanced. 
This scan epitomizes one of the problems in HIV- 
positive children: Those children who have CNS 
infections tend to have severe manifestations of 
common diseases rather than opportunistic in- 
fections. 


Most imaging findings in HIV-positive children have been 
obtained with CT. In one study [40], 23 of 25 patients with a 
subacute progressive course had atrophy associated with 
decreased attenuation in the white matter. Also seen were 
bilateral symmetric calcification in 10 and calcification in the 
frontal lobes in two. In patients who had serial studies, pro- 
gressive atrophy was found in 16 of 17. Of 12 patients with a 
more static course, five had atrophy, and two had basal gan- 
glia calcification [37]. In another study [41] of 14 patients, 
both MR and CT showed central volume loss in eight 
patients and peripheral volume loss in seven, old hemor- 
rhage in one, multifocal abnormal signal in one, and cervical 
lymphatic hypertrophy in four. CT was better than MR for 
showing striatal thalamic calcification (one), whereas only 
MR showed delayed myelination (one). Despite this, and 
because of the greater ease of obtaining CT scans, CT may 
be the study of choice. 


Summary 


Children are susceptible to a wide variety of viral infec- 
tions that involve the CNS, in greater frequency than adults. 
Particularly vulnerable is the developing fetus. Imaging of 
neonates revealing periventricular calcification, cerebral 
atrophy, or microcephaly should raise the spectrum of con- 
genital or perinatal TORCH infections. Although a specific 
diagnosis will generally be established by immunologic tech- 
niques, some findings in association can suggest a more 
specific identity; such as pachygyric-appearing brain consis- 
tent with the microgyria of CMV, or the linear gyriform corti- 
cal pattern of increased attenuation on CT scans (or 
hyperintensity on T1-weighted MR images) seen with perin- 
atal herpes. 

Imaging of uncomplicated viral meningitis will generally be 
unremarkable. Children, however, are more susceptible to 
complication than adults. Evidence of focal brain parenchy- 
mal edema in this setting suggests concomitant encephalitis. 








rc 
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A hemorrhagic process, especially involving the temporal 
lobes, is highly suggestive of herpes encephalitis; although 
CT or MR imaging should not be used to absolutely exclude 
this entity early in its course. 

Areas of hyperintensity on T2-weighted MR images after a 
systemic viral infection or vaccination raise the spectre of 
acute disseminated encephalitis, although a definite cause is 
likely to remain elusive. CT is less sensitive for showing the 
pathologic changes. 

Subacute presentations of CNS dysfunction associated 
with evidence of atrophy, decreased white matter attenua- 
tion, and basal ganglia calcification in this day raise the pos- 
sibility of HIV infection. 
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Case Report 





Posttraumatic Carotid Artery Dissection in Children: 
Evaluation with MR Angiography 


Clifford |. Mann,’ Rosalind B. Dietrich, ! Mauricio T. Schrader, ' Wallace W. Peck,? Debra S. Demos,? and 


William G. Bradley, Jr.4 


Dissection of the cervical portion of the carotid artery is a 
rare event in children that usually occurs after blunt injury to 
the neck. Symptoms and signs of stroke may develop days 
to years after injury, leading to delays in therapy [1, 2]. Early 
reports have shown the usefulness of MR angiography in the 
evaluation of carotid artery disease in adults [3, 4]. As this 
technique is noninvasive and can be performed in conjunc- 
tion with routine MR imaging, it is potentially useful in exam- 
ining children suspected of having carotid artery dissection. 
We describe two cases that demonstrate the use of MR 
angiography in the examination of children with carotid 
artery dissection. 


Case Reports 


Case 1 


A 10-year-old boy was well until 4 months before admission, 
when he fell and hit the left side of his neck against a pole while he 
was playing croquet. He had pain at the site of injury for several 
days and then was well until 6 weeks later, when he had sudden 
onset of right hemiparesis and aphasia. The signs and symptoms 
partially resolved during the next 48 hr and gradually improved over 
the next 2 months. 

MR imaging 2 months after presentation showed infarction of the 
distribution of the left middle cerebral artery. The caliber of the left 
internal carotid artery appeared normal, and a signal void was 
present in this vessel. A follow-up study 1 month later showed an 


area of encephalomalacia and a decrease in caliber of the left inter- 
nal carotid artery. 

Right-sided weakness and aphasia recurred 2 1/2 months later. 
MR imaging showed progression in the encephalomalacia and an 
acute infarct involving the left basal ganglia. The caliber of the left 
internal and middle cerebral arteries was significantly decreased 
when compared with the right side. MR angiograms were obtained 
with a 1.0-T system (Siemens Magnetom 42SP, Iselin, NJ) with axial 
and coronal slabs through the circle of Willis and carotid arteries, 
respectively. A three-dimensional (3D) time-of-flight (TOF) fast 
imaging with steady-state free-precession gradient-recalled-echo 
(GRE) technique was used with 36-40/7-11/15-25° (TR/TE/flip 
angle), a 256 x 256 matrix, a 250-mm field of view, and 64 parti- 
tions. The partition thickness was 1 mm and the in-plane resolution 
was 0.98 mm. Presaturation pulses were applied in the oblique sag- 
ittal plane through the sagittal sinus for the circle of Willis study, and 
distal to the carotid artery bifurcation for the carotid artery study. On 
these studies, no flow was detected in the left internal carotid artery, 
and the diameter of the left middle cerebral artery was reduced 
(Figs. 1A and 1B). 

Carotid Doppler sonography showed complete obstruction of the 
left common carotid artery, antegrade flow in the left internal carotid 
artery, and retrograde flow in the left external carotid artery (Fig. 
1C). Transcranial Doppler imaging showed flow reversal in the left 
anterior cerebral artery. Conventional arch aortography and left 
carotid arteriography showed minimal antegrade flow in the left 
internal carotid artery with no flow in the left carotid artery beyond 
the proximal 3-4 cm (Figs. 1D and 1E). 

The patient was treated with warfarin sodium and at the time of 
discharge had a mild residual right hemiparesis. 
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Fig. 1.—10-year-old boy with right-sided 
weakness and aphasia 4 months after injury to 
left side of neck. 

A, 3D TOF oblique coronal MR angiogram 
(GRE 40/11/25°) of both carotid arteries shows 
normal flow on right and no flow in left internal 
carotid artery. 

B, 3D TOF MR angiogram (GRE 36/7/15°) of 
circle of Willis shows decreased caliber of left 
middle cerebral artery (arrow). 

C, Left carotid artery Doppler sonogram 
shows thrombus (arrow) with no flow in mid 
common carotid artery and patent distal com- 
mon carotid artery (arrowhead). 

D, Subtraction arch aortogram shows oc- 
cluded left mid common carotid artery (arrow). 

E, Subtraction left carotid angiogram shows 
flow in distal left internal carotid artery (arrow). 
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Case 2 


A 3300-g male infant was born at 42 weeks’ gestation to a 24- 
year-old gravida 1 mother. Vaginal delivery was initially attempted, 
but because of poor maternal pushing efforts and the beginning of 
late fetal decelerations, vacuum delivery was then attempted. The 
head did not descend adequately, and an urgent cesarean section 
was subsequently performed. At birth, 3+ meconium was present 
and the Apgar scores were 1 and 9 at 1 and 5 min, respectively. Sei- 
zure activity was noted at 6 days of age and was controlled with 
medication. Physical examination revealed a right hemiparesis 
involving the face, arm, and leg. Subsequently, the right-sided hemi- 
paresis resolved and the child was discharged from the hospital. 

Carotid Doppler sonography 9 days after birth showed dramatic 
tapering of the left internal carotid artery immediately distal to the 
bifurcation. Flow was not detectable in this vessel 5 mm distal to the 
bifurcation (Fig. 2A). 

MR imaging showed an infarct in the left middle cerebral artery 
distribution with absent signal void in the left internal carotid artery. 
MR angiograms were obtained with a 1.5-T system (Siemens 63SP) 
with axial and coronal slabs through the circle of Willis and carotid 
arteries, respectively. Imaging parameters were similar to those 
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used in the first case. MR angiography of the neck showed occlu- 
sion of the left internal carotid artery just superior to the bifurcation 
of the carotid artery, with a positive string sign (Fig. 2B). Intracranial 
MR angiography showed the caliber of the left middle cerebral 
artery to be decreased when compared with the contralateral side 

Follow-up MR angiography of the circle of Willis and both carotid 
arteries approximately 10 months after birth showed recanalization 
of the left internal carotid artery, which was the same caliber as on 
the contralateral side (Fig. 2C). The left middle cerebral artery still 
appeared attenuated, and its appearance was not noticeably 
changed from the previous examination. Routine MR imaging per- 
formed at the same time showed the development of encephaloma- 
lacia in the region of the left middle cerebral artery infarction. 


Discussion 


Traumatic thrombosis of the internal carotid artery has 
been reported in children as a result of relatively minor inju- 
ries to the head or neck and may go unnoticed at the time of 
initial assessment [1, 2]. Signs include seizure or sensorimo- 
tor deficit [2]. Treatment may include anticoagulation or 
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Fig. 2.—Neonate with infarct of left middle cerebral artery infarction. 

A, Carotid sonogram 9 days after birth shows string sign in left internal carotid artery 1 cm from bifurcation (arrows). Doppler study showed damp- 
ening of signal in proximal left internal carotid artery. 

B, 3D TOF oblique coronal MR angiogram (GRE 40/7/15") shows string sign (arrow) in proximal left internal carotid artery. 

C, Follow-up 3D TOF oblique coronal MR angiogram 10 months after birth shows recanalization of left internal carotid artery (arrow). 


thrombectomy if diagnosis is early and the site of obstruction 
is accessible [5]. Therefore, prompt diagnosis is important in 
such cases. 

Both MR imaging and MR angiography have been shown 
to be useful in the evaluation of neurovascular disease in 
children, specifically in evaluation of moyamoya disease, 
sickle cell vasculitis [6], and in infants following extracorpo- 
real membrane oxygenation therapy [7]. Advantages of MR 
angiography compared with conventional angiography 
include the ability to obtain noninvasive images in multiple 
projections, elimination of vessel overlap, the lack of con- 
trast administration, and the ability to assess parenchymal 
abnormalities when used in conjunction with MR imaging. 

Technically excellent studies were obtained in the two chil- 
dren described in this report. In one case shown here and in 
an additional case (not described), a string sign suggestive 
of carotid artery dissection was seen. Recanalization of the 
occluded carotid artery in the second child was shown with 
follow-up MR angiography and correlated with Doppler 
sonography. Conventional angiography was obtained in 
case 1, which demonstrated antegrade flow in the left inter- 
nal carotid artery. The coronal TOF MR angiogram did not 
show this finding, which may be related to the insensitivity to 
in-plane flow that occurs in this type of MR angiography 
sequence. 

Although observation of the string sign is useful in the 
diagnosis of carotid artery dissection, it is not entirely 
pathognomonic of this entity. A similar appearance may be 
seen in other disease processes, such as subacute partial 
thrombosis of the internal carotid artery, radiation vasculopa- 
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thy, and congenital hypoplasia [8]. These conditions usually 
cannot be differentiated with MR imaging and carotid duplex 
sonography. 

In conclusion, we found MR angiography extremely useful 
in the examination of children with suspected carotid artery 
dissection when initial MR imaging sequences show evi- 
dence of cerebral infarction. It also may be an extremely 
useful screening technique in patients with signs and symp- 
toms suggestive of carotid artery dissection but in whom 
early CT or MR imaging studies show no evidence of 
infarction. 


REFERENCES 


1. Pozzati E, Giuliani G, Poppi M, et al. Blunt traumatic dissection with 
delayed symptoms. Stroke 1989;20:412-416 

2. Fisher RG. Strokes in children: their relationship to intrinsic pathology of 
the carotid artery. Am Surg 1982;48:344-350 

3. Masaryk TJ, Modic MT, Ruggieri PM, et al. Three-dimensional (volume) 
gradient-echo imaging of the carotid bifurcation: preliminary clinical expe- 
rience. Radiology 1989;171:801—806 

4. Masaryk TJ, Laub GA, Modic MT, et al. Carotid-CNS MR flow imaging. 
Magn Reson Med 1990; 14:308-314 

5. Watridge CB, Muhlbauer MS, Lowery RD. Traumatic carotid artery dissec- 
tion: diagnosis and treatment. J Neurosurg 1989;71:854—857 

6. Wiznitzer M, Ruggieri PM, Masaryk TJ, et al. Diagnosis of cerebrovas- 
cular disease in sickle cell anemia by magnetic resonance imaging. J 
Pediatr 1990;117:551—555 

7. Lewin JS, Masaryk TJ, Modic MT, et al. Extracorporeal membrane oxy- 
genation in infants: angiographic and parenchymal evaluation of the brain 
with MR imaging. Radiology 1989;173:361-365 

8. Fredericks RK, Thomas TD, Lefkowitz DS, et al. Implications of the angio- 
graphic string sign in carotid atherosclerosis. Stroke 1990;21:476—479 


137 


Case Report 


An Unusual First-Trimester Sonographic Finding 
Associated with Development of Hydatidiform Mole: 


The Hyperechoic Ovoid Mass 


R. A. Bronson! and G. L. van de Vegte? 


The characteristic vesicular sonographic appearance 
diagnostic of hydatidiform mole is generally not seen early in 
pregnancy, and first-trimester findings often cannot be distin- 
guished from those of incomplete or missed abortion [1, 2]. 
This report describes the unusual finding of an ovoid hyper- 
echoic mass within a well-defined gestational sac visualized 
on endovaginal sonograms at 6.5 weeks’ gestation and 
associated with subsequent development of a molar preg- 
nancy. It may represent the earliest reported sonographic 
appearance of a molar pregnancy. 


Case Report 


A 24-year-old nulliparous woman had had chronic intermittent 
pain in the right lower quadrant for 4 months and irregular menses 
(at 12 and 5 weeks before her visit). She was sexually active and 
had attempted to conceive during the past 9 months. 

At the time of her first visit, physical examination showed minimal 
abdominal tenderness deep in the right lower quadrant of the abdo- 
men. The right ovary was not tender on examination, and its size on 
a vaginal sonogram was 34 x 24 mm. Sonograms showed a hyper- 
echoic unilocular cyst 15 mm in diameter at the proximal pole of the 
right ovary, which appeared to be consistent with a hemorrhagic cor- 
pus luteum or endometrioma. No evidence of intrauterine gestation 
was seen. Results of routine laboratory tests, including a complete 
blood cell count and SMA23, and levels of prolactin and thyroid- 
stimulating hormone were normal. The serum level of human chori- 
onic gonadotropin (HCG) was 350 miU/ml (first international refer- 
ence preparation [IRP]) on the day of examination. Two weeks later, 
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endovaginal sonography showed an intrauterine gestational sac, 17 
x 12 mm, containing a uniformly hyperechoic ovoid mass 13 mm in 
greatest length (Fig. 1A). Neither a distinct fetal pole nor a yolk sac 
was seen. No cardiac activity was noted. Serum level of HCG at this 
time was 42,000 mIU/ml. 

Ten days later, the patient had vaginal staining for 2 days, but 
without cramping. Physical examination showed that the size of the 
uterus was consistent with 8 weeks’ gestation, which also was con- 
sistent with the last menstrual period. No adnexal masses or tender- 
ness were present. Endovaginal sonograms showed an enlarged 
uterus, 57 x 47 mm in axial dimensions, containing a diffuse, central 
heterogeneous mass with several cystic regions (Fig. 1B). No defin- 
able fetal pole was detected. Serum level of HCG had risen to 
140,000 mIU/ml. At this time, the patient complained of mild nausea 
and jitteriness. 

Suction currettage was performed, and pathologic examination 
confirmed the diagnosis of a hydatidiform mole. Ten days later, the 
serum level of HCG had dropped to 6100 mIU/mI. The serum level 
subsequently plateaued at 6600 mIU/ml, and 1 week later was 6840 
mIU/ml. At this time, the patient began taking methotrexate and leu- 
covorin as an outpatient. Serum HCG measurements returned to 
undetectable levels and have remained so. 


Discussion 


Complete molar pregnancy has a classic second-trimester 
sonographic appearance of a central echogenic uterine 
mass with a characteristic vesicular pattern due to marked, 
generalized swelling of chorionic villi [3]. However, these 
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typical findings may not be visible on transabdominal sono- 
grams obtained early in the first trimester. 

Szulman and Surti [4] have observed a linear relationship 
between gestational age of a molar pregnancy and the size 
of the hydropic villi on macroscopic examination. Hence, 
although vesicles are also present in first-trimester complete 
moles, they may be too small to be visualized on transab- 
dominal sonograms. During the first trimester, then, molar 
pregnancies often lack the characteristic pattern of second- 
trimester trophoblastic disease and are often confused with 
missed or incomplete abortion. 

During the first trimester, endovaginal sonography pro- 
vides better imaging resolution than transabdominal scan- 
ning does, making it possible to diagnose an abnormal 
pregnancy earlier in gestation. A gestational sac can be 
observed on endovaginal sonograms at serum HCG levels 
as low as 1000-1500 mIU/ml (first IRP), vs the minimum 
HCG level of 6500 mIU/ml for visualization on transabdomi- 
nal sonograms [5]. 

In the present case, an intrauterine gestation was con- 
firmed by endovaginal sonography at 6.5 weeks’ gestation. 
However, a recognizable fetal pole and yolk sac were not 
visualized, and the gestational sac contained only an ovoid, 
13-mm, homogeneously echogenic mass. Further clinical 
monitoring in the first trimester showed that the uterus 
enlarged, containing a heterogeneous central mass with 
early vesicular features consistent with the appearance of a 
molar pregnancy. 

In 1979, Anderson et al. [6] reported a similar unusual 
finding in a woman who was proved to have a hydatidiform 
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Fig. 1.—24-year-old nulliparous woman with 
chronic intermittent pain in right lower quadrant 
of abdomen for 4 months and irregular menses. 

A, Endovaginal sonogram shows a well- 
formed intrauterine gestational sac containing 
only a 13-mm echogenic ovoid mass (between 
calipers). 

B, Sonogram obtained 10 days after A shows 
no evidence of intrauterine gestational sac, but 
rather a central heterogeneous uterine mass 
with multiple cystic areas suggestive of molar 
gestation. 


mole. At 10 weeks’ gestation, the uterus was clinically 
enlarged for dates, consistent with a pregnancy of 13-14 
weeks, and contained an irregular gestational sac, with a 
uniformly echogenic mass adjacent to the sac wall. This 
mass was initially thought to be the remnants of a fetus, but 
no fetal tissue was found within the contents evacuated from 
the uterus. 

The progression of findings in our case, as well as the pre- 
vious report of Anderson et al. [6], leads us to suggest that 
the detection of a hyperechoic ovoid mass within an other- 
wise empty gestational sac during the first trimester should 
suggest the possibility of molar pregnancy and the need for 
follow-up studies. 
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Wilms’ Tumor in a Patient with Beckwith-Wiedemann 
Syndrome: Onset Detected with 3-Month Serial 


Sonography 


Matthew W. Andrews! and Eugenio G. Amparo 


Beckwith-Wiedemann syndrome is characterized by a 
group of clinical abnormalities, the most salient being macro- 
glossia, gigantism, and exomphalos. Childhood malignant 
tumors are a recognized association of Beckwith-Wiede- 
mann syndrome, and Wilms’ tumor, in particular, is a fre- 
quent occurrence. 

An 18-month-old child with Beckwith-Wiedemann syn- 
drome had a Wilms’ tumor first detected with abdominal 
sonography, which had been performed every 3 months 
since birth for surveillance. This case demonstrates the 
value of sonographic abdominal surveillance in children with 
Beckwith-Wiedemann syndrome. We know of no other pub- 
lished reports of development of a Wilms’ tumor in an inter- 
val as short as 3 months. Because the long-term survival of 
children with Beckwith-Wiedemann syndrome depends on 
early detection and treatment of tumors [1], we believe that 
these children should have abdominal sonographic surveil- 
lance at intervals of 3 months or less. 


Case Report 


Beckwith-Wiedemann syndrome was clinically diagnosed at birth 
in a male child on the basis of macroglossia, omphalocele, and large 
birth weight and height. Abdominal sonography at 3 months showed 
bilateral renal enlargement to greater than the 95th percentile for 
age without focal abnormalities. Sonographic examination of this 
patient's abdomen was performed at 3-month intervals. At 18 


months, sonography showed a solid mass with a greatest diameter 
of 3.6 cm in the left kidney (Fig. 1B). The mass had not been present 
on a sonogram obtained 3 months earlier (Fig. 1A). Subsequent CT 
evaluation (Fig. 1C) showed that the mass was confined to the kid- 
ney, and no metastases were found. Surgery confirmed the abdomi- 
nal CT findings, and a left-sided total nephrectomy was performed. 
Examination of the right kidney at surgery showed no focal lesions. 
Histopathologic studies showed that the lesion in the left kidney was 
a Wilms’ tumor. 


Discussion 


The long-term survival of patients with Wilms’ tumor that is 
diagnosed early and treated appropriately is good [1]. Early 
detection of Wilms’ tumor, to which patients with Beckwith- 
Wiedemann syndrome are predisposed, is imperative for a 
favorable prognosis. 

Beckwith-Wiedemann syndrome is a rare syndrome char- 
acterized by macroglossia, omphalocele, and splanchnome- 
galy (kidneys, liver, and spleen). Other associated features, 
including neonatal hypoglycemia, large birth weight, in- 
creased height at birth, hemihypertrophy, craniofacial dys- 
morphism, microcephaly, other abdominal wall abnormalities 
(such as umbilical hernia and diastasis of rectus muscles), 
and midgut malrotation, may be present [2]. The syndrome 
is caused by an unknown growth disorder resulting in organ 
hypertrophy and hyperplasia with resultant gigantism. It may 
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Fig. 1.—Child with Beckwith-Wiedemann syndrome. 

A, Longitudinal sonogram of left kidney at age 15 months shows no lesions. 

B, Longitudinal sonogram of left kidney at age 18 months shows a 3.6 x 2.4 cm well-marginated, hyperechoic lesion (arrow) in middle of kidney. 

C, Contrast-enhanced CT scan through middle of left kidney at age 18 months shows a well-marginated mass (arrow) that is less dense than normal 
renal parenchyma. 


exist in complete or incomplete forms that involve single or 
multiple organs of the whole body or one side of it. 

Children with Beckwith-Wiedemann syndrome are predis- 
posed to tumor formation because of focal or diffuse growth 
abnormalities and the associated cellular anaplasia that can 
accompany hypertrophy and hyperplasia. The prevalence of 
malignant tumor formation in patients with Beckwith-Wiede- 
mann syndrome has been reported at 6-10% [3]. Most 
tumors are intraabdominal, most often retroperitoneal. 
Wilms’ tumors, adrenal cortical carcinomas, and hepatoblas- 
tomas are the most common malignant tumors, in that order 
[4]. Risk increases significantly when hemihypertrophy is 
present [3], and patients with some of the manifestations of 
Beckwith-Wiedemann syndrome appear to have the same 
potential for tumor development as those with all the signs 
and symptoms [5]. Other tumors reported include rhabdomy- 
osarcoma, glioma, thoracic neural crest tumor, retroperito- 
neal ganglioneuroma, adrenal adenoma, cardiac hamar- 
toma, cardiac myxoma, and carcinoid of the appendix [2, 5]. 

The age at which risk for neoplasia returns to close to nor- 
mal has not been determined, but surveillance for tumor 
development has been suggested for patients with Beck- 
with-Wiedemann syndrome up to the age of 12 [3] and ado- 
lescence [6]. Most centers carry out surveillance sonography 
less often after the age of 6 years. 

The appearance of Wilms’ tumor during sonographic sur- 
veillance intervals of 9 and 5 months has been reported by 


Azouz et al. [3]. On the basis of their findings, they recom- 
mend sonography at intervals of 3 months. The appearance 
of a Wilms’ tumor within a 3-month interval between sono- 
grams in this case supports that protocol. 

We believe that abdominal sonography should be per- 
formed at intervals of 3 months or less in patients with Beck- 
with-Wiedemann syndrome to detect early Wilms’ tumors, 
thereby optimizing these patients’ survival rates. This should 
form part of a tumor-screening protocol to detect early devel- 
opment of renal, hepatic, adrenal, and neural crest tumors. 
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Case Report 


Aneurysm of a Nonpatent Ductus Arteriosus in a Neonate: 


CT Findings 


Thomas L. Slovis,! Manuel P. Meza, ':? Frederick E. Rector,? and Chung-Ho Chang*:> 


The differential diagnosis of a middle mediastinal mass in 
a neonate or young infant includes a wide spectrum of enti- 
ties: cystic hygroma, aberrant or abnormal vessels, ectopic 
thymus, duplication cyst, and enlarged lymph nodes. Abnor- 
malities of the ductus arteriosus such as a large patent duck 
and aneurysms of the duct should be considered within the 
category of aberrant or abnormal vessels. Inasmuch as the 
ductal vessel may or may not be functional, enhancement on 
a CT scan is not mandatory for the diagnosis. We present a 
case of an aneurysm of a nonpatent ductus arteriosus in a 
neonate shown by CT. 


Case Report 


A full-term male neonate had mild respiratory distress at birth, 
without a history of perinatal asphyxia. A chest radiograph obtained 
1 day after birth showed hyperexpansion of the lungs (Fig. 1A) and 
minimal opacities. A mass was noted in the aorticopulmonary win- 
dow. The patient improved in the next 5 days and was sent home. A 
follow-up radiograph obtained 3 weeks later showed no change in 
the mass, and the infant was referred to Children’s Hospital of Mich- 
igan for further workup. Dynamic contrast-enhanced CT scans 
showed nonenhancing mass extending lateral to the aorta and 
located between the top of the aortic arch and above the left pulmo- 
nary artery—in the aorticopulmonary window (Figs. 1B and 1C). The 
preoperative differential diagnosis included bronchogenic cyst, 
foregut duplication cyst, and a complex adenomatoid malformation. 


Left-sided lateral thoracotomy was performed and showed that 
the mass was a large (2 x 1 x 1 cm) aneurysm of the ductus arterio- 
sus. The content of the mass was firm and not pulsatile. Both ends 
of the ductus were ligated, and the aneurysm was resected. Clot 
filled the entire mass. The gross pathologic specimen revealed a 
saccular structure with clot. Histologic examination showed marked 
irregular fibrous thickening of the intima of the saccular structure 
and focal disruption and thinning of the underlying muscle layers. 
Focal destruction of the internal elastic lamina, accompanied by 
fibrosis, extended to the adjacent muscle layers. No obvious cellular 
inflammation was seen. The infant was discharged 2 days after sur- 
gery and has remained well for more than 1 year. 


Discussion 


In the fetus, the ductus arteriosus (connecting the pulmo- 
nary artery and aorta) is frequently the size of the aorta. Dur- 
ing the first 10-15 hr after birth, pulmonary arterial pressure 
decreases and muscles in the ductal wall contract, resulting 
in a decrease in the size of the duct [1]. Anatomic closure 
occurs during the next 2-3 weeks, with nonthrombotic oblit- 
eration originating on the pulmonary side. The end product is 
the ligamentum arteriosus. 

In neonates, the ductus arteriosus is not usually seen on 
chest films unless superimposition of the patent ductus arte- 
riosus and the pulmonary artery (the ductus bump) occurs 
[2]. This may be seen as a mass on frontal radiographs 
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Fig. 1.—Nonpatent dissecting aneurysm of ductus arteriosus in a neonate. 
A, Frontal radiograph obtained 1 day after birth shows mild hyperexpansion of lungs, increased markings, and a mass in aorticopulmonary window. 
Band C, Contrast-enhanced CT scans obtained 3 weeks after birth. Scan at level of aortic arch (B) shows a nonenhancing mass to left of aorta. Scan 


at level of pulmonary artery (C) shows nonenhancing mass is lateral to main pulmonary artery and anterior to left pulmonary artery. 


obtained in the first 72 hr after birth but not on radiographs 
obtained later, because the ductus arteriosus decreases in 
size and is no longer superimposed on the pulmonary artery. 

The pathogenesis of aneurysm of the ductus arteriosus is 
uncertain, although some relationship to neonatal hypox- 
emia has been suggested [3]. The most logical theories are 
that (1) delay in closure of the aortic end of the ductus pro- 
duces a diverticulum with continual exposure to systemic 
arterial pressures, causing myxoid degeneration and forma- 
tion of the ductal aneurysm [1]; and (2) abnormal differentia- 
tion of the aortic wall, adjacent to the ductus arteriosus, 
promotes formation of an aneurysm [4]. A proposed ana- 
tomic classification of these aneurysms includes patent and 
nonpatent types of fusiform, tubular, and dissecting variants 
[5]. The prevalence of ductal aneurysm also is uncertain; in 
newborns, frequencies as high as eight aneurysms per 1000 
autopsies have been reported [5]. More cases are now being 
discovered as, increasingly, diagnosis is based on findings 
on echocardiograms. In a significant number of cases the 
aneurysms resolve, with formation of a ligamentum arterio- 
sum [5, 6]. Most infants with aneurysms of the ductus arteri- 
osus are asymptomatic; however, fatal aneurysmal rupture, 
fatal dissection, thromboembolic phenomena with hyperten- 
sion, and paralysis of the left side of the diaphragm and the 
left vocal cord have been reported [5, 7]. Many of the compli- 
cations have occurred in adults. 

Diagnosis of an aneurysm of the ductus arteriosus begins 
with the chest radiograph. The most important factor is the 
recognition of a mass, in a neonate or young infant, located 
in the aorticopulmonary window. The mass is convex to the 
left lung and is difficult to see on lateral radiographs. 


Echocardiography may show flow within the “cystic” mass if 
the aneurysm is patent. A CT scan will show the precise 
location of the mass, show if it is patent or nonpatent, and 
confirm its relationship to the vascular structures. It must be 
understood that a nonenhancing tubular mass in this loca- 
tion may be a nonpatent aneurysm of the ductus arteriosus. 
Although some have advocated observation of these 
masses in young infants, most often, as in our case, the 
mass is removed [5, 7]. 

The recognition of an aneurysm of the ductus arteriosus 
also should serve as a reminder that this condition is associ- 
ated with coarctation of the aorta, aortic valvular disease, 
and Marfan syndrome [8]. 
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Pseudotumor Cerebri: CT Findings 
and Correlation with Vision Loss 





OBJECTIVE. The purpose of this study was to determine if orbital and cerebral CT 
can be used to distinguish normal patients from those with pseudotumor cerebri, and 
to correlate CT findings with the severity of visual impairment. 

SUBJECTS AND METHODS. Seventeen patients with a clinical diagnosis of 
pseudotumor cerebri were compared with 20 age- and sex-matched control subjects. 
Thin-section coronal and axial CT scans of the orbit and whole-brain axial CT scans 
were available for all subjects. The diameter of the optic nerve sheath, the degree of 
reversal of the optic nerve head, the presence and degree of empty sellae, and ven- 
tricular and sulcal sizes were evaluated without knowledge of whether or not the sub- 
ject had pseudotumor cerebri. The same parameters were compared for two 
subgroups of patients with pseudotumor cerebri: those with mild vision loss and 
those with severe vision loss. 

RESULTS. Patients with pseudotumor cerebri had significantly larger optic nerve 
sheaths than did control subjects (6.5 + 0.83 mm vs 5.4 + 0.69 mm). Radiologic evi- 
dence of papilledema with reversal of the optic nerve head was found in 12 of 17 
patients compared with one of 20 control subjects. An empty sella was seen more fre- 
quently and to a greater degree in patients with pseudotumor cerebri than in control 
subjects (16 vs seven). Eight of nine patients with severe vision loss and four of eight 
patients with mild to moderate vision loss had reversal of the optic nerve head; the 
degree was greater in the group with severe vision loss. No difference in ventricular 
size or sulcal enlargement was seen between any of the groups. The opening CSF 
pressures of the two groups with vision loss were not significantly different (348 + 80 
mm H20 vs 391 + 98 mm H30). . 

CONCLUSION. In addition to the role of CT in excluding intracranial disease as a 
basis for the clinical syndrome of pseudotumor cerebri, thin-section CT of the orbits 
reveals a constellation of findings, including enlarged optic nerve sheaths, reversal 
of the optic nerve head, and empty sellae in patients with pseudotumor cerebri. Fur- 
thermore, severe vision loss in these patients correlates with more frequent and more 
severe reversal of the optic nerve head. 
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Pseudotumor cerebri or benign intracranial hypertension is a condition of 
unknown origin that most commonly occurs in obese middle-aged women [1-3]. 
The purpose of this study was to determine if orbital and cerebral CT findings can 
be used to distinguish patients with pseudotumor cerebri from control subjects 
who do not have this condition. We also sought to correlate CT findings with the 
eventual visual status of patients with pseudotumor cerebri. 


Subjects and Methods 


The study population consisted of 17 patients (46 women and one man) with clinical evi- 
dence of pseudotumor cerebri (papilledema, opening CSF pressure greater than 200 mm 
H-O, normal CSF composition, and nonfocal neurologic examination). The average age of 
the patients with pseudotumor cerebri was 35 + 12 years old (range, 19-63 years). All had 
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thin-section axial and coronal CT scans (3- and 5-mm sections, 
respectively) through the orbits and routine axial images of the cra- 
nium (5-mm sections though the posterior fossa and 10-mm sec- 
tions through the supratentorial compartment) that showed no 
diseased tissue. Twenty age- and sex-matched patients (19 
females and one male) who were referred for evaluation of possible 
traumatic or inflammatory disease of the orbit served as control sub- 
jects. Their ages (37 + 13 years; range 13-58 years) were not signif- 
icantly different from those of the patients with pseudotumor cerebri. 
Measurements were made in the unaffected eyes of control subjects 
who had no clinical evidence of pseudotumor cerebri and no visual 
impairment in that eye. They had thin-section CT studies similar to 
those of the patients with pseudotumor cerebri. 

The patients with pseudotumor cerebri were divided into two clin- 
ical groups: (1) those with minimal to moderate vision loss with spar- 
ing of central acuity and (2) those with severe vision loss that 
included a decreased visual field, a loss of central acuity, or both. 

Optic nerve diameter, presence and degree of empty sellae, 
reversal of the optic nerve head, and ventricular and sulcal sizes 
were evaluated on CT scans of all subjects without knowledge of 
whether or not the patient had pseudotumor cerebri. The same CT 
parameters and the opening CSF pressures were compared 
between the two pseudotumor cerebri groups. 

The optic nerve sheaths were measured approximately 1 cm 
behind the globe to avoid the variability noted with flaring of the dis- 
tal portion of the optic nerve sheath and volume averaging as the 
nerve enters the globe. The sheaths were measured directly on both 
coronal and axial CT scans by using a small caliper with a magnify- 
ing glass and a millimeter rų 2r for standardization. For each patient, 
the coronal and axial CT measurements of the optic nerve sheath of 
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the right or left eyes were the same and all measurements were 
averaged together, giving a single value for each patient in the data 
analysis. The optic nerve sizes were compared by using Student's t- 
test. Figure 1 shows where the measurements were taken in the 
axial and coronal planes, respectively, in a patient with pseudotumor 
cerebri and enlarged optic nerve sheaths. 

The optic nerve head is usually concave posteriorly, but with 
increased CSF pressure transmitted down the optic nerve sheath, it 
can become edematous and bulge forward. We refer to this as 
reversal of the optic nerve head. Reversal of the optic nerve head 
was graded on a scale of 0-2. Grade 0 represents the normal con- 
vex outward appearance of the optic nerve head and sclera (Fig. 2), 
grade 1 represents minimal flattening of the optic nerve head (Fig. 
3), and grade 2 represents prominent indentation of the optic nerve 
head (Fig. 4). 

The presence and degree of empty sellae were graded from 0 to 
3 on both coronal and axial images. Grade 0 represents the normal 
configuration of the sella turcica without CSF seen below the dia- 
phragma sellae, grade 1 represents up to 50% filling of the sella with 
CSF (Fig. 5), grade 2 represents greater than 50% filling of the sella 
(Fig. 6), and grade 3 represents greater than 75% filling of the sella 
and bony enlargement (Fig. 7). 

The sizes of the ventricles and sulci were graded subjectively on 
a 0-2 scale based on what was expected for the patient’s age by an 
experienced neuroradiologic observer. Grade 0 was normal sulcal 
or ventricular size, grade 1 was minimal enlargement, and grade 2 
was prominent enlargement of the CSF spaces. 

All the CT scans were shuffled into a large stack and interpreted 
without the benefit of clinical history, although the diagnosis for 
several control subjects was obvious. 


Fig. 1.—Enlarged optic nerve sheaths. 

A, Axial 3-mm enhanced CT scan. Right optic 
nerve sheath (arrows) measures 7.0 mm. 

B, Coronal 5-mm CT scan approximately 1 cm 
behind globe. Enlarged optic nerve sheaths (ar- 
rows) measure 7.5 mm; CSF surrounds centrally 
positioned nerve. 





Fig. 2.—Normal optic nerve head. Axial CT 
scan shows normal (grade 0) appearance of 
sclera and optic nerve head with outward con- 
vexity at insertion of optic nerve head (arrows). 


Fig. 3.—Grade 1 reversal of optic nerve head. 
Axial 3-mm enhanced CT scan shows optic nerve 
head reversal bilaterally (arrows), most evident 
on left side. Note flattening of normal outward 
convexity at insertion of optic nerve head. Optic 
nerve sheaths are enlarged bilaterally. 


Fig. 4.—Grade 2 reversal of both optic nerve 
heads. Axial CT scan shows optic nerve heads 
(arrows) are indented well into vitreous by low- 
attenuation CSF immediately posterior to nerve 
head. This is the radiographic correlate of 
papilledema. Optic nerve sheaths are not dra- 
matically enlarged. 
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Fig. 5.—Grade 1 empty sella. Unenhanced axial CT scan 
through superior portion of sella turcica. CSF fills superior 
portion of sella, but filling was not seen inferiorly on adjacent 
sections. Coronal images (not shown) showed less than 50% 
filling of sella by CSF. 


Fig. 6.—Grade 2 empty sella. Axial 3- 
mm enhanced CT scan through sella 
turcica. Sella is completely filled with 
CSF, which extended to sellar floor on 
lower sections. Small enhancing pituitary 


Fig. 7.—Grade 3 empty sella. Axial 3- 
mm unenhanced CT scan shows ex- 
panded sella turcica completely filled 
with CSF. CSF extended to sellar floor on 
adjacent sections. 


stalk is seen posteriorly. Grade 2 reversal 
of optic nerve head is seen on left side 


(arrow). 


Results 


In the control subjects, optic nerve size was 5.4 + 0.69 
mm, whereas in the pseudotumor cerebri group it was 6.5 + 
0.83 mm. The t value was 4.42 and was highly significant 
(p < .0003). 

Reversal of the optic nerve head was seen to some 
degree in one or both nerves in 12 of 17 patients with 
pseudotumor cerebri. Only one of 20 control subjects had a 
single grade 1 reversal of the optic nerve head. This patient 
also had a grade 3 empty sella. It was suspected that the 
patient might have clinically occult pseudotumor cerebri, 
although no symptoms suggestive of this were on the 
patients chart and the patient was not available for further 
follow-up. y? analysis revealed a significant difference 
between these two groups (p < .001). 

Sixteen of 17 pseudotumor cerebri patients had some 
degree of empty sella: three grade 1, eight grade 2, and five 
grade 3; only seven of 20 control subjects had evidence of 
empty sella: three grade 1, two grade 2, and two grade 3. %? 
analysis showed a significant difference between these 
populations (p < .01). 

One control patient had grade 1 ventricular enlargement 
and one patient with pseudotumor cerebri had grade 2 ven- 
tricular enlargement. Some degree of sulcal enlargement 
was present in eight of 20 control subjects: five grade 1 and 
three grade 2. Only three pseudotumor patients had sulcal 
enlargement: three grade 1 and one grade 2. Using yê anal- 
ysis, we found no difference between the patients with 
pseudotumor cerebri and the control subjects in these cate- 
gories. Smaller than normal ventricles or sulci were not 
observed in either group. 

Correlation of the severity of vision loss with the various 
CT parameters revealed that eight of nine patients with 
severe vision loss had reversal of the optic nerve head: five 
grade 1 and three grade 2. Four of eight patients with mild to 
moderate vision loss had grade 1 reversal of the optic nerve 
head. The difference between these two groups approached 


significance (x? = 48, .05 < p .01). Significantly, all the 
patients with grade 2 reversal of the optic nerve head were 
in the group with severe vision loss. 

No significant difference in the degree of empty sellae, 
optic nerve size, ventricular size, or sulcal prominence in the 
pseudotumor cerebri population was found between the two 
categories of vision loss. Also, no significant difference was 
found between the opening CSF pressures in the two vision 
loss groups (none or moderate: 348 + 80 mm H20; severe: 
391 + 98 mm H20; t = .98, NS). 


Discussion 


Although it is considered neurologically “benign,” pseudo- 
tumor cerebri can cause some degree of vision loss in up to 
50% of patients [4, 5]. In the series of Corbett et al. [4], 25% 
of cases progressed to severe vision loss or blindness. The 
pathogenesis of the vision loss may be related to the trans- 
mission of elevated pressure within the CSF down the optic 
nerve sheath to the optic nerve head, where this may cause 
ischemia of the nerve fibers entering through the sclera or 
disruption of axonal transport [6]. Why certain patients with 
this condition have vision loss while others do not may be 
related to differential sensitivity of the optic nerve head to 
chronic increased pressure. The prognosis of this disorder 
varies. In the patients who have permanent vision loss, it is 
certainly not a benign disorder. Of the potential clinical pre- 
dictors of vision loss, systemic hypertension is the only con- 
dition that has been associated with a worse visual outcome 
[4]. In addition, vision loss may not occur for months to years 
after presentation. 

Jinkins [6] first reported the reversal of the optic nerve 
head in a variety of conditions associated with increased 
intracranial pressure, including pseudotumor cerebri. The 
frequency of this finding in patients with pseudotumor cere- 
bri is not known. In our series of patients with pseudotumor 
cerebri, all of whom had some loss of vision, approximately 
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70% of patients had this sign in one or both optic nerves, 
which was significantly different from the control subjects. 
Our data indicate that grade 2 reversal of the optic nerve 
head correlates with the greatest eventual loss of vision. 

Another finding observed in patients with pseudotumor 
cerebri is that of enlarged optic nerve sheaths. In the series 
of Weisberg [7], two of 28 patients had enlarged optic 
nerves, although no measurements were provided and 
again no control values were available. In fact, we were 
unable to find control CT measurements for the optic nerve 
sheaths. In order to obtain reasonably accurate measure- 
ments of the optic nerve sheaths, thin sections must be 
obtained (3 mm or less in the axial plane and no greater than 
5 mm in the coronal plane). Diameters of the optic nerve 
sheath were statistically significantly larger in the patients 
with pseudotumor cerebri than in the control subjects, but 
overlaps did exist. 

The radiographic findings of pseudotumor cerebri have, at 
times, been conflicting and have not been well controlled. 
Dandy [8] described the ventricles as normal or even small 
during ventriculography or pneumoencephalography. Weis- 
berg [7] described six of 28 patients as having a “small-sized 

- ventricular system.” Those examinations were performed on 
a second-generation CT scanner without controls and in a 
nonblinded fashion. The actual ventricular size is not men- 
tioned, although the method used was based on planimetric 
measurement and compared with the control values in the 
series of Barron et al [9]. On the other hand, Boddie et al. 
[10] reported that 19 of 25 patients had ventricular volumes 
greater than normal. Huckman et al. [11] found no differ- 
ences between the ventricular sizes of patients with 
pseudotumor cerebri and those of a control population. Our 
study compared age- and sex-matched control subjects in a 
blinded fashion and is in agreement with the findings of 
Huckman et al. [11]. Silbergleit et al. [12] studied six cases of 
pseudotumor cerebri and compared them with findings in six 
control subjects. Volumetric pixel analysis of the ventricular 
volume showed no difference between normal control sub- 
jects and patients with pseudotumor cerebri. 

However, their analysis “revealed significantly larger sub- 
arachnoid space volumes” in patients with pseudotumor 
cerebri than in control subjects. 

Increased brain water and increased resistance to CSF 
absorption have been proposed as factors involved in the 
pathogenesis of pseudotumor cerebri [13, 14]. In a study of 
MR imaging of pseudotumor cerebri, Moser et al. [15] found 
that two of 11 patients had focal areas of increased signal in 
their periventricular white matter. A white matter index 
related to CSF water intensity was measured and found to 
be slightly, although significantly, elevated in patients with 
pseudotumor cerebri compared with a control group. This 
was thought to represent a “diffuse low level of edema.” 
However, Silbergleit et al. [12] reported MR imaging in six 
cases of pseudotumor cerebri, none of which exhibited white 
matter signal abnormality. Thus, the findings of white matter 
changes are of dubious significance. 
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Empty sellae have been associated with many conditions 
causing increased intracranial pressure. Empty sellae have 
been observed in 5% of 788 autopsies [16]. Previous reports 
have indicated that 5% of women with pseudotumor cerebri 
have empty sellae [17]. However, these data predate the era 
of CT scanning. The sensitivity of plain skull radiographs and 
pneumoencephalography is significantly less than that of CT 
for diagnosing this condition. In 20% of 225 routine autopsy 
cases, an intrasellar subarachnoid space was identified on 
radiographs [18]. Weisberg et al. [19] reported a 10% preva- 
lence (5/50) of empty sellae on plain radiographs of the skull 
in patients with pseudotumor cerebri. In our patients with 
pseudotumor cerebri, 16 (94%) of 17 patients had at least a 
partially empty sella. In addition, the degree of empty sellae 
was significantly greater than in the contro! subjects. The 
high prevalence noted in our patients with pseudotumor 
cerebri is compatible with their chronic elevated intracranial 
pressure, which averaged 370 mm H,O. 
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Late CT Findings in Brain Trauma: 
Relationship to Cognitive and Behavioral 
Sequelae and to Vocational Outcome 


|. Reider-Groswasser ! OBJECTIVE. The purpose of this study was to determine the degree of correlation 
M. Cohen? between cerebral atrophy observed on CT scans after severe blunt brain trauma and 
H. Costeff? later neuropsychological status, as well as to evaluate the relative prognostic values 


of a number of indexes of cerebral atrophy. 

MATERIALS AND METHODS. The study group comprised 32 previously healthy 
men 18-65 years old who had severe blunt trauma of the brain (initial scores on Glas- 
gow coma scale of 7 or less). Their cognitive and behavioral statuses were evaluated 
when the patients were discharged from the hospital, which occurred when the 
recovery process showed a plateau. Overall vocational status was evaluated 1 year 
after discharge. The clinical evaluation was performed by a multidisciplinary team. 
Multiple linear indexes derived from brain CT scans obtained about 3 months after 
injury in patients with blunt brain trauma were correlated with cognitive and behav- 
ioral sequelae of brain damage and with vocational placement, as evaluated by a 
rehabilitation team about 1 year after trauma. 

RESULTS. A high correlation was found between the width of the third ventricle 
and outcome. The prognostic value of the width of the third ventricle was superior to 
that of any other index studied, and it correlated best with late cognitive status 
(Spearman r = .57, p < .01). 

CONCLUSION. The width of the third ventricle is a useful prognostic index in cases 
of diffuse brain trauma. It indicates diencephalic atrophy, caused either by diffuse 
axonal injury or by hypoxia. It may indicate a role of diencephalic structures in higher 
cortical functions. 


Z. Groswasser2 
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Severe blunt brain trauma is known to be associated both with cerebral atrophy 
[1-4] and with neuropsychological deficits and functional disability [5-7]. The pre- 
cise relationship between the atrophy and the neuropsychological deficits is yet 
unclear, and two questions addressing this relationship remain to be answered: 
(1) What is the degree of correlation between cerebral atrophy seen on CT scans 
and late neuropsychological status? and (2) Which indexes of cerebral atrophy 
are best correlated with neuropsychological outcome? The answers to these two 
questions may have both practical value in prognosticating neuropsychological 
outcome in blunt brain trauma and theoretical value in indicating the brain struc- 
tures most closely associated with such outcome. Question number 2 is of partic- 
ular interest, since it is not yet known whether linear indexes of atrophy correlate 
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Materials and Methods 
Patients 


The study group consisted of 32 male patients 18-65 years old 
who were hospitalized at our center for 1 year for rehabilitation fol- 
lowing severe blunt brain trauma, and for whom CT scans were rou- 
tinely obtained 3-4 months after injury. Twenty-seven patients were 
45 years old or younger. None had a history of previous neurologic 
disorder, alcoholism, or drug abuse. All were employed or in full- 
time military service prior to injury. All suffered from blunt head injury 
for the first time. Their scores on the Glasgow coma scale, 
assessed 6 hr after injury, were all 7 or less. 


Radiologic Methods 


All CT scans reviewed were obtained 3-4 months after trauma on 
Elscint 905, 2002, and 2400 scanners. Slices were parallel to the 
orbitomeatal lines; slice thickness was 10 or 12 mm for supratento- 
rial structures and the slices were contiguous. Among the supraten- 
torial indexes were seven described by Gyldensted and 
Kosteljanetz [8]: left and right anterior horn widths (AHW)—the 
maximal width of each anterior horn measured along the line con- 
necting the tips of the anterior horns and intersecting with a line 
derived from the continuation of the inner border of the septum pel- 
lucidum on each side; left and right septum-caudate distances 
(SCD)—the maximal distance between the caudate nucleus at its 
maximal convexity and the septum pellucidum; cella media distance 
(CMD)—the combined minimal width of the bodies of the lateral 
ventricles, including the septum pellucidum; third ventricle width 
(TVW)—maximal width of the third ventricle; and cella media index 
(CMI)—maximal external width of skull divided by the CMD (Fig. 1). 
Two cerebroventricular indexes, types 1 and 2 (CVI, and CVI,), 
were described by Hahn and Rim [9]. CVI, is the ratio between the 
maximal bifrontal diameter measured along a line connecting the 
tips of the anterior horns, and the distance along the same line con- 
necting the inner tables of the skull. CVI, is the ratio between the 
maximal bicaudate diameter measured along a line drawn from the 
midportions of the bodies of the caudate nuclei, and the distance 
between the inner tables of the skull measured along the same line. 

Two other supratentorial indexes were the ventricular score (VS) 
and sulcal score (SS) described by Hughes and Gado [10]. The VS 
is the ratio of the sum of the TVW, plus the left SCD, plus the right 
SCD, plus the width of the anterior horns (including the septum pel- 
lucidum, just anterior to the foramen of Monro), plus the CMD, to the 
widest interparietal distance, measured along a line connecting the 
inner tables of the skull at the level of the bodies of the lateral ventri- 
cles. The SS is the sum of the widths of the four widest sulci seen in 
the upper three cuts. 

The three infratentorial indexes were the cistern-brainstem ratio 
(CBR), the superior cerebellar cistern ratio (SCCR), and the fourth 
ventricle ratio (FVR), as described by Koller et al. [11]. The CBR is 
the ratio of the width of the prepontine cistern to the distance mea- 
sured between the posterior clinoid process and the fourth ventricle; 
the SCCR is the ratio of the width of the superior cerebellar cistern 
to the distance between the inner tables of the skull along the same 
line; the FVR is the ratio of the lateral maximal width of the fourth 
ventricle to the distance between the outer tables of the skull mea- 
sured along the same line (Fig. 1). 

Mean values and standard deviations for indexes AHW, SCD, 
TVW, CMD, CMI, and SS were extracted and calculated for 34 
healthy young adult men (age range, 18-45 years) from the original 
data of Gyidensted [12] (see Table 1). Mean values and standard 
deviations for healthy subjects were extracted from the data of Hahn 
and Rim [9] for CVI, and CVlz, and from the data of Koller et al. [11] 
for CBR, SCCR, and FVR. These means and standard deviations 
were used to convert the indexes of our subjects to standard 
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TABLE 1: Normal Values for Supratentorial Indexes 
Calculated for 34 Healthy Young Men 





Normal Values 
Indexes 





(Mean + SD) 
Left anterior horn width 17.1141.77 
Right anterior horn width 17.00 + 1.89 
Left septum-caudate distance 7.35 + 2.07 
Right septum-caudate distance 7.35 + 2.07 
Cella media distance 28.44 + 3.81 
Cella media index 5.08 + 0.78 
Third ventricle width 3.59 + 1.11 
Sulcal score 2.74 + 0.97 


Note.—Values were calculated from the original data of Gyidensted [12]. 


deviation scores for all of the indexes except VS. Because no data 
were available for the VS of normal subjects, the crude uncorrelated 
scores of this parameter were analyzed. Because the standard devi- 
ations for AHW, SCD, TVW, and CMI were based on the subjects in 
the study of Gyldensted [12], we calculated these values only for the 
27 patients aged 45 and younger. Means and standard deviations 
for the remaining indexes, except VS, and the crude scores of VS 
were calculated for all 32 patients. 


Clinical Evaluation 


Cognitive and behavioral statuses were evaluated when the 
patients were discharged from the hospital, which occurred when 
the recovery process showed a plateau between 3 and 18 months 
after injury. The discharge evaluation was performed by a multidisci- 
plinary team that included physiatrists, psychologists, neuropsychol- 
ogists, and psychiatrists. For both cognitive status and behavior, 
disturbances were grouped in four categories: none, mild, moder- 
ate, and severe. Mild cognitive disturbances were defined as deficits 
in attention concentration and memory alone. Moderate cognitive 
disturbances were defined as additional deficits in integrated func- 
tions such as drawing conclusions and forming social judgments. 
Severe cognitive disturbances were those of basic thought pro- 
cesses such as perceptive deficits and apraxia, in addition to the 
above-mentioned disorders. Mild behavioral disturbances were 
defined as dysphoria, irritability, passivity, and dependency without 
any other overt disturbances. Moderate behavioral disturbances 
included outbursts or frank depression in addition to the above. 
Severe behavioral disturbances were characterized by such phe- 
nomena as confabulations, delusions, and frankly maladaptive 
behavior. 

The same team evaluated overall vocational status at outpatient 
follow-up examinations, which occurred 1 year after discharge. This 
status was also divided into four categories: skilled work, unskilled 
work on the open market, sheltered employment, and unemploy- 
ability. 


Statistical Analysis 


The clinical outcome parameters that were cross correlated with 
the 14 radiologic indexes included cognition, behavior, vocational 
placement, speech clarity and fluency, semantic processing, inde- 
pendence in activities of daily living, and locomotion. All were evalu- 
ated and semiquantified by the multidisciplinary rehabilitation team 
responsible for follow-up of patients with blunt brain trauma. The 
parameters were graded in four hierarchical categories, of which 
category 1 was the best and 4 the worst. Only the first three param- 
eters—cognition, behavior, and vocational placement—showed an 
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Fig. 1.—CT study of a 32-year-old 
patient 3 months after blunt trauma of 
brain. 

Aand B, Schematic drawing (A) and 
axial CT scan (B) at level of bodies of 
lateral ventricles. CMD = cella media 
distance, OS = maximal external width 
of skull, IPD = interparietal distance 
used as denominator for ventricular 
score. Cella media index = OS/CMD. 

Cand D, Schematic drawing (C) and 
axial CT scan (D) at level of third ventri- 
cle. AHW = maximal width of anterior 
horn, SCD = septum-caudate distance, 
IS; = distance between inner skull ta- 
bles at level of tips of anterior horns, 
IS = distance between inner skull ta- 
bles at level of mid frontal horns, 3VW 
= third ventricle width; IS; and IS» are 
denominators of cerebroventricular in- 
dexes, types 1 and 2, respectively. 
Note widening of interhemispheric fis- 
sure and cerebral sulci. 

E and F, Schematic drawing (E) and 
axial CT scan (F) at level of fourth ven- 
tricle. a = width of prepontine cistern, b 
= distance between posterior clinoid 
and floor of fourth ventricle, 4VW = 
width of fourth ventricle between 
points C, OS = outer skull along C-C 
line. Fourth ventricle ratio = 4VW/OS; 
cistern brainstem ratio = a/b). 
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E 
outcome distribution that was sufficiently widespread to permit three clinical outcome parameters, and calculating the Spearman 
meaningful correlation with the radiologic indexes (in the other four rank correlation between each radiologic index and each clinical 
outcome parameters, the patients were bunched in category 1). outcome parameter, correcting for tied ranks. Means and standard 


The main statistical analysis consisted of ranking the scores for deviations of each radiologic index were calculated for each clinical 
each of the 14 radiologic indexes, ranking the grades of each of the outcome parameter (see Tables 2—4), but did not serve as a basis 
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for the analysis of statistical significance in view of the nonnormal 
distribution of the data. 

For purposes of comparison, we used the same statistical tech- 
nique to estimate the correlations between two nonradiologic prog- 
nostic factors—age and duration of coma—and the clinical outcome 
parameters. 


Results 


Cognitive status was the outcome parameter that corre- 
lated best with linear radiologic indexes. Table 2 shows a 
statistically significant correlation with five such indexes 
(right and left SCD, TVW, CVlo, and VS), and a borderline 
correlation with a sixth (CVI,). The range of values for the 
Spearman rank correlation coefficient was .32 to .57 for 
these six indexes, 

Of the two remaining outcome parameters, vocational 
placement (Table 3) correlated slightly better with the radio- 
logic parameters than did behavior (Table 4). Vocational out- 
come showed four significantly correlated radiologic 
parameters and one of borderline significance, with Spear- 
man r values ranging from .37 to .48 for the five indexes, 
compared with three significant and two borderline radiologic 
parameters with a Spearman r range of .24—.45 for behavior. 

The radiologic index that showed best overall correlation 
with the three clinical outcome parameters was TVW. Its 
coefficients of correlation were .57 with cognitive outcome 
and .45 with behavior, both significant at the .01 level, and 
.43 with vocational placement, significant at the .05 level. 
Among the other indexes, only the CVI showed a significant 
correlation with all three outcome parameters, with Spear- 
man r ranging from .44 (cognition) to .39 (behavior). The VS 
showed a good correlation (r= .53) with cognition, a fair one 
(r = .42) with vocational placement, and one of borderline 
significance (r = .35) with behavior. The left SCD showed 
significant correlation (r = .46) with cognition and borderline 
correlations (r= .34 and r= .37, respectively) with behavior 
and vocational placement. The right SCD showed significant 
correlations with cognition (r = .46) and with vocational out- 
come (r= .48), but not with behavior (r= .24). CVI, showed 
a borderline correlation (r= .32) with cognition but with noth- 
ing else. No other radiologic indexes showed any significant 
correlation with the degree of late clinical disability among 
the patients with blunt brain trauma, although some of the 
indexes (left AHW, CMD, and SS) did show a significant dif- 
ference between the normal subjects of Gyldensted and 
Kosteljanetz [8] and our brain injury patients as a group. 

Of the nonradiologic prognostic factors examined, age 
showed no significant correlation with clinical outcome; 
coma duration showed a significant correlation (Spearman 
r = .45) with vocational placement and one of only border- 
line significance (Spearman r= .30) with cognition. 


Discussion 


Structure-function relationship is one of the most puzzling 
questions in brain research, and brain trauma is no excep- 
tion. CT scans can be normal even in severe head injury [5], 
and other techniques, like MR imaging, are necessary for 
showing late findings [13]. Structural changes after trauma 
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are well recognized, but even well-trained clinicians in the 
field of brain trauma are sometimes puzzled by discrepan- 
cies between patients’ radiologic findings and their clinical 
performance. Widening of the ventricular system after brain 
trauma is a common finding, but attempts have been made 
to correlate only a few of its parameters with clinical findings 
[1, 3]. 

Brain volume has been shown to be fairly stable in normal 
people less than 50 years old [14, 15]; Gyldensted [12] 
described differences in brain parameters between males 
and females. Therefore, only male patients from that study 
were used for our calculations, and the statistical analysis 
took into consideration the age of the patients. 

The CT scans used for analysis were obtained at least 3 
months after injury because it was assumed that most if not 
all acute-phase changes, such as brain edema and hemor- 
rhage, would have resolved by that time. It is assumed that 
structural findings observed after that period are stable. 

Coma duration is a well-known yardstick for assessing 
severity of brain trauma, and cognition and behavior are the 
domains mostly affected. Actual work placement was cho- 
sen as an integrative criterion for evaluating outcome as it 
provides a good indication of social reintegration and corre- 
lates with patients’ subjective evaluation of quality of life [7, 
16 18]. 

The outstanding finding of this study was a remarkably 
high correlation between outcome and the width of the third 
ventricle on CT. This correlation explains no less than a third 
of the cognitive variance, a fifth of the variance in behavioral 
status, and 18% of the variance in late vocational placement. 
The prognostic value of TVW 3—4 months after injury was far 
superior to that of another simple linear CT measurement 
studied here; it was also superior to the four compound mea- 
surements studied: the VS, SS, CVI,, and CVI», indexes. 
Indeed, it predicted vocational placement as well as coma 
duration (r = .30), and it predicted cognitive outcome even 
more accurately (r = .57). Gomori et al. [14] have concluded 
that linear measurements are a simple and reliable method 
and that planimetric measurements have no significant 
advantage over linear measurements. Our findings also 
show the usefulness of the linear measurements. 

It is not immediately obvious why TVW should correlate 
better than other ventricular measurements with functional 
outcome of diffuse brain injury, since one would expect func- 
tional outcome to be most closely related to frontal and tem- 
poral cortical injury. However, this may be understood if we 
take into account the findings of Teasdale et al. [19], who 
stated that “compression of the 3rd ventricle and basal cis- 
terns correlated with an intracranial pressure >2 mmHg, with 
clinical signs of midbrain dysfunction and worse prognosis.” 
The negative prognosis of compression of basal cisterns 
was described by other authors as well [20, 21]. The late 
results of such compression may well be thalamic atrophy; 
bearing in mind that most of the thalamic nuclei have well- 
developed reciprocal connections with the cortex, it is possi- 
ble that damage to these crucial brain structures Is related to 
neurobehavioral and vocational outcome in patients with 
blunt brain trauma. On the other hand, the diencephalic 
atrophy may also be due to the well-known diffuse axonal 
injury that is a common feature of closed head injury. 
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TABLE 2: Cognitive Disturbances Correlated with Significant CT Indexes After Traumatic Blunt Brain Injury 
Mean Value + SD (No. of Cases) Statistical Measures 
CT Index Moderat S 
No Disturbances Mild Disturbances Moderate ee t df p 
i Disturbances Disturbances 
Septum-caudate distance 
Left 0.169 + 0.46 (3) -0.865 + 1.31 (7) 1.512+3.08(11) 1.520+1.67(6) 46 256 25 <.05 
Right, -0.628 + 0.46 (3) -1.164 1.16 (7) 0.986 +3.73 (11) 1.520+2.64(6) 46 260 25 <.05 
Third ventricle width -0.261 +0 (8) -1.118 + 1.74 (7) 3.802 +4.66 (11) 5.192 +3.07 (6) 57 3.51 25 <01 
Cerebroventricular index, 
type 1 0.523 + 1.26 (3) 1.021 + 1.26 (8) 2.788 +3.76 (12) 2.405 +2.09 (9) 32 268 30 >.08~«.1 
Cerebroventricular index, 
type 2 0.095 + 0.55 (3) -0.277 1.28 (8) 0.839+2.12 (12) 1.722+1.47 (9) 44 268 30 <.05 
Ventricular score 43.67 + 11.02 53.5 + 12.15 (8) 68.25+ 28.79 (12) 73.56 + 18.12 (9) 53 3.39 30 <.01 
TABLE 3: Overall Vocational Outcome Correlated with Significant CT Indexes After Traumatic Blunt Brain Injury 
Mean Value + SD (No. of Cases) Statistical Measures 
CT Index 
Skilled Work Simple Work Sheltered Work Unemployable r t df p 
Septum-caudate distance 
Left 0.834 + 2.82 (2) 0.285 + 2.79 (11) 2.994 £4.12 (12) 0.834 + 1.69 (2) .37 2.00 25 >.05—<«<.1 
Right 0.435 + 3.38 (2) -0.224 +3.25 (11) 2.375 + 3.80 (12) 0.435 £ 0 (2) .48 2.75 25 <.05 
Third ventricle width 1.229 +2.11 (2) 1.103+3.44 (11) 5.259 +3.68 (12) 4.820 +1.05 (2) .43 236 25 <.05 
Cerebroventricular index, 
type 2 0.452 + 1.61 (3) -0.292 + 0.97 (12) 1.405 +2.02 (12) 1.786 +1.89 (5) .41 245 30 <.05 
Ventricular score 62.33 + 17.56 (3) 51.58 + 18.25 (12) 73.33 + 26.63 (12) 70.80 + 16.92 (5) .42 2.50 30 <.05 
TABLE 4: Overail Behavioral Disturbances Correlated with Significant CT Indexes After Traumatic Blunt Brain Injury 
Mean Value + SD (No. of Cases) Statistical Measures 
CT Index M 
No Disturbances Mild Disturbances Moderate _ Severe t df p 
Disturbances Disturbances 
Septum-caudate distance 
Left 0.435 + 2.02 (6) 0.291 +2.92 (10) 4.224 4.67 (7) 1.831 +2.47 (4) 84 1.80 25 >.05~<.1 
Right 0.169 +2.45 (6) 0.217 +3.38 (10) 2.581 +4.76 (7) 1.631 +2.48 (4) 24 153 25 «<1 
Third ventricle width 0.979 + 2.73 (6) 2.897 +3.26 (10) 5.698 + 4.78 (7) 3.458 +2.57 (4) .45 285 25 >.01 
Cerebroventricular index, 
type 2 -0.143 + 1.01 (6) 0.214 + 1.60 (12) 1.063 +2.09 (9) 1.500 +1.65 (5) .39 2.33 30 <.05 
Ventricular score 51.67 + 16.32. 61.584 21.02(12) 73.11 £31.45 (9) 66.60 + 11.06 (5) .35 2.01 30 >.05—<.1 
On the basis of our findings, we recommend obtaining 2. Rao N, Jellineck HM, Harvey RF, et al. Computerized tomography head 
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1984;65:18-20 
3. Levin HS, Meyers CA, Grossman RG, Sarwar M. Ventricular enlargement 
after closed head injury. Arch Neurol 1981 ;38:623-629 
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brain CT scans at about 3 months in patients with blunt brain 
trauma and of using linear measurements as predictors of 
neurobehavioral and vocational outcome. The width of the 
third ventricle is preferred to the other indexes studied here, 4, 
including a complex index like the VS, because of the 
simplicity of its measurement. It is possible that measure- 
ments derived from MR may be of even greater prognostic 
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patients at this time. 
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MR Imaging of the Brain in 
Patients with AIDS: Value of Routine 
Use of IV Gadopentetate Dimeglumine 


Maureen C. Jensen 1 . OBJECTIVE. A prospective study was conducted to explore the value of routine 
Michael Brant-Zawadzki administration of IV gadopentetate dimeglumine for MR imaging of the brain in 
patients with AIDS. i 


SUBJECTS AND METHODS. Over a 19-month period, MR images of the brain in 51 
consecutive AIDS patients were obtained routinely both with and without IV gadopen- 
tetate dimeglumine. Unenhanced and contrast-enhanced images from the resulting 
63 studies were viewed together. Findings were classified into one or more of three 
categories: normal, mass or focal lesions, or white matter disease. The number of 
focal or mass lesions was recorded: Lesion conspicuity on the unenhanced and 
enhanced images was compared. Ventricular enlargement was also graded. Available 
medical records and laboratory data of the patients were reviewed. 

RESULTS. Of the 63 MR studies reviewed, 39 (62%) were abnormal. In no case was 
a normal unenhanced MR study rendered abnormal after the administration of gado- 
pentetate dimeglumine. Overall, T2-weighted images showed twice as many focal or 
mass lesions than contrast-enhanced T1-weighted images did. Most lesions detected 
on the T2-weighted images did not show enhancement with contrast material. White 
matter disease was the most common abnormality detected. The group of patients 
with white matter disease also had the highest occurrence of ventriculomegaly. 

CONCLUSION. Our study does not support the routine use of gadopentetate 
‘dimeglumine for MR imaging of the brain in patients with AIDS. Our experience 
emphasizes the importance of a normal T2-weighted image. 
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The World Health Organization estimates that 8-10 million adults and children 
worldwide are infected with HIV, and that by the year 2000, 40 million people may 
be seropositive for HIV:"The Centers for Disease Control reports that at the end of 
1991, AIDS was the second leading cause of death among men 25-44 years old 
in the United States [1]. Ten percent of patients with AIDS have neurologic signs 
and symptoms initially, and during the course of the disease, 39% have clinical 
evidence of CNS involvement [2]. Consequently, MR images of the brain are fre- 
quently obtained in these patients. The additional cost of routine administration of 
gadopentetate dimeglumine can be justified only if findings after administration of 
contrast material alter the diagnostic impression and affect clinical management. 
The additional diagnostic information provided by contrast-enhanced images is 
perhaps most convincing in patients thought to have metastatic disease [3-6]. 
This study addresses the role of gadopentetate dimeglumine in MR imaging of the 
brain in AIDS patients in a community where the prevalence of HIV infection is 
high. 
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patient was a 44-year-old woman; 50 patients were 29- to 54-year- 
old men. 

MR images were obtained with high-field (1.5-T) superconducting 
magnets (Signa; General Electric Co., Milwaukee, WI, and Magne- 
tom; Siemens, Iselin, NJ). Unenhanced T1-weighted (600-800/16— 
20 [TR/TE], two excitations) and dual-echo T2-weighted (2500/22— 
90 [TR/TE], one excitation) spin-echo (SE) images were obtained 
first. Each patient then received 0.1 mmol of gadopentetate 
dimeglumine (Magnevist; Berlex Imaging, Wayne, NJ) per kilogram 
body weight, and T1-weighted images were obtained again. Techni- 
cal parameters included a slice thickness of 5 mm with a 2-mm 
interslice gap, a 192 x 256 matrix, and a 22-cm field of view. For the 
unenhanced part of the study, sagittal (T1-weighted) and axial (dual- 
echo) planes were used. For contrast-enhanced images, the axial 
plane was used, with supplementary planes in selected instances. 

Unenhanced and contrast-enhanced images were viewed 
together for the detection of lesions by two radiologists. Findings 
were classified into one or more of three categories: normal, mass 
or focal (well-defined margins) lesions, or white matter disease. 
Focal or mass lesions were scored as 1, 2, 3, 4, or 2 5. Lesion con- 
spicuity on the unenhanced and enhanced images was compared. 
The ventricular enlargement was graded subjectively (0 = normal, 1 
= mild, 2 = moderate, 3 = severe). Available medical records and 
laboratory data of the patients were reviewed. 


Results 


Of the 63 MR studies reviewed, 39 (62%) showed abnor- 
mal findings. Three scans were entered into both abnormal 
categories of focal/mass lesion and white matter disease. In 
no case did findings that were considered normal before the 
administration of gadopentetate dimeglumine become ab- 
normal after administration of the contrast agent. Seventeen 
studies showed 51 focal or mass lesions on T2-weighted 
images. Corresponding contrast-enhanced T1-weighted 
images showed enhancement in 25 of these. 

The focal or mass lesions were either isointense or of low 
signal on T1-weighted images; on T2-weighted images, all 
had high signal, with the exception of two lymphoma cases, 
which were of low signal intensity. 

Of the 17 studies that showed focal abnormalities, biop- 
sies were performed of six lesions. Histologic examination 
showed lymphoma in four cases and the presence of Coc- 
cidioides in one case. In the other case, the findings were 
nondiagnostic (necrotic and inflammatory cells, no yeast or 
fungus). A presumptive diagnosis of toxoplasmosis was 
made in five additional patients on the basis of MR findings 
and empiric response to treatment. The parameters used to 
determine treatment response included lesion regression on 
follow-up MR studies as well as clinical improvement. As 
specified in the Subjects and Methods section, routine fol- 
low-up studies were not considered as additional studies. 
One of the patients with toxoplasmosis initially responded to 
empiric therapy and then 6 months later had new neurologic 
signs and symptoms while still receiving antitoxoplasmosis 
therapy. A large recurrent mass lesion was detected in the 
left thalamus, where previously lesion regression had 
occurred (no corticosteroids had been administered). Histo- 
logic examination showed lymphoma. We believe this repre- 
sents two pathologic processes occurring in the same 
anatomic location (Fig. 1). Analysis of CSF confirmed crypto- 
coccal meningitis in two patients. In none of our patients, 
including our two cases of cryptococcal meningitis, was 
meningeal enhancement seen. In the remaining four 
patients, a neurologic diagnosis was not established either 
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because the workup was deferred because of more acute 
medical problems or because the patient was not available 
for further follow-up. 

Although no study was considered abnormal solely on the 
basis of findings seen on enhanced images, in two cases a 
single additional mass or focal lesion was detected on con- 
trast-enhanced images only and not seen on T2-weighted 
images. In both of these cases, however, multiple lesions 
were seen on the T2-weighted images. The additional find- 
ings on the contrast-enhanced images did not affect the 
treatment of these patients. 

In only one case could the diagnostic impression and 
treatment of the patient have been altered because of a find- 
ing that was seen on contrast-enhanced images only. This 
patient initially had more than five mass lesions. Subtle 
subependymal enhancement was detected on contrast- 
enhanced images. The patient subsequently underwent an 
empiric trial of antitoxoplasmoid therapy. Follow-up imaging 
1 week after therapy was initiated showed lesion progres- 
sion and more obvious subependymal enhancement (Fig. 
2). Because of the constellation of findings on the serial 
studies, a biopsy was performed, which showed lymphoma. 

White matter disease was the most common abnormality 
detected. Eleven studies demonstrated a diffuse white mat- 
ter pallor with predominant involvement in the centrum semi- 
ovale (Fig. 3). Fifteen scans showed patchy areas of high 
signal in the deep white matter on T2-weighted images, 
most commonly in a periventricular distribution. None of 
these described areas of signal alteration in the white matter 
showed enhancement after the administration of contrast 
material. Of the 35 cases of ventriculomegaly, the group of 
patients with white matter disease had the highest occur- 
rence. Sixty-nine percent (18/26) of the studies showing 
white matter disease also showed ventriculomegaly, com- 
pared with 45% (11/24) of those with normal scans and 41% 
(7/17) of those showing focal lesions. In addition, the 
patients with white matter disease had the highest grades of 
ventriculomegaly. As specified in the Subjects and Methods 
section, we graded ventricular size as normal or as mild, 
moderate, or severe enlargement. All but one of the patients 
who had moderate or severe hydrocephalus had white 
matter disease. 


Discussion 


Our referral base includes a community with one of the 
highest prevalences of AIDS cases per capita in California 
(Office of AIDS, Epidemiology and Research Section, 
Department of Health Services for California, personal com- 
munication). Because of this, it is assumed that our popula- 
tion is representative of AIDS patients who typically first 
present with nonspecific neurologic symptoms. Although our 
experience was limited to 51 patients (63 studies), a typical 
spectrum of CNS disease, ranging from neoplasms to 
opportunistic infectious processes, including direct infection 
by HIV-1, was seen. Our study reemphasizes the superior 
sensitivity of T2-weighted images for showing pathologic 
changes. Patients with no abnormal findings on unenhanced 
T2-weighted images also had no abnormal findings on con- 
trast-enhanced T1-weighted images. In addition, twice as 
many mass or focal lesions were detected on T2-weighted 
images than on contrast-enhanced images. 
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Fig. 1.—37-year-old man with AIDS who had 
headache and fever. 

A, Axial T1-weighted (600/20) SE MR image 
with contrast material shows enhancing mass 
lesion in left thalamus. This lesion was well 
seen on T2-weighted MR image (not shown). 
Three smaller brain lesions were also seen on 
T2-weighted images, two of which showed en- 
hancement after administration of contrast ma- 
terial. 

B, Axial contrast-enhanced T1-weighted 
(600/20) SE MR image obtained 2 weeks after 
institution of therapy for presumed toxoplas- 
mosis shows lesion regression with a small re- 
sidual focus of enhancement in left thalamus. 
Left thalamic lesion, as well as three smaller le- 
sions, showed regression on T2-weighted im- 
age also (not shown). 

C, Axial unenhanced T2-weighted (2500/90) 
SE MR image obtained approximately 6 months 
after institution of antitoxoplasmoid therapy 
shows abnormal high signal in left thalamus 
extending into left internal capsule and globus 
pallidus. Additional lesion is seen in right thal- 
amus. 

D, Axial T1-weighted (600/20) SE MR image 
with contrast material shows marked enhance- 
ment of left thalamic lesion. Lesion in right thal- 
amus is not seen. Biopsy of lesion in left 
thalamus showed lymphoma. 


C 


Toxoplasmosis and lymphoma are the two most common 
pathologic processes causing mass lesions of the CNS in 
patients with AIDS [6, 7]. Because of disparate clinical man- 
agement, it is beneficial to be able to distinguish these two 
entities on MR images. However, many studies have shown 
that the patterns of contrast enhancement in these two pro- 
cesses are nonspecific and therefore cannot be relied on for 
their differentiation [2, 6-9]. Our patients also showed a vari- 
ety of nonspecific enhancement patterns. 

Ciricillo and Rosenblum [7] found that 71% of solitary 
mass lesions seen on MR images in AIDS patients were 
lymphomas. The detection of an additional lesion signifi- 
cantly alters the diagnostic impression, as toxoplasmosis 
then comes into stronger consideration. Our study suggests 
that a second lesion is more likely to be detected on T2- 
weighted MR images. Twice as many abnormalities in the 
category of focal or mass lesions were detected on unen- 
hanced T2-weighted images than on contrast-enhanced T1- 
weighted images. In addition, T2-weighted images can be 
used to suggest lymphoma because of the relatively low sig- 
nal intensity of the lesion [6]. 

However, in some situations, administration of contrast 
material might be helpful. The presence of subependymal 
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enhancement is significant, as in our patient with multiple 
mass lesions. Thirty-eight percent of AIDS-related lympho- 
mas are reported to show subependymal enhancement [6]. 
Because subependymal enhancement is rarely seen in toxo- 
plasmosis, when present it suggests lymphoma [6]. 

Contrast-enhanced images can be useful for biopsy local- 
ization. Although gadopentetate dimeglumine is specific for 
areas of breakdown of the blood-brain barrier, not necessar- 
ily tumor sites, it can be useful for determining which area 
most likely will provide a satisfactory biopsy specimen. In 
AIDS patients with multiple lesions, it is particularly impor- 
tant to define the biopsy site, as disparate pathologic pro- 
cesses can coexist in this setting. 

Absence of contrast enhancement can also help further 
characterize a lesion. A nonenhancing focal white matter 
lesion without mass effect suggests progressive multifocal 
leukoencephalopathy. Lack of enhancement in a mass 
lesion is reported to virtually exclude lymphoma [6]. Yet, one 
of our four biopsy-proved lymphomas did not show en- 
hancement (Fig. 4). 

In none of our patients, including those with proved crypt- 
ococcal meningitis, was meningeal enhancement seen. 
Earlier studies [10-13] reported that meningeal enhance- 
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ment is rare in patients with AIDS because of the host's 
inability to mount a normal immune response. In this setting, 
the neurologic signs and symptoms are nonspecific, and MR 
imaging is generally performed to exclude other pathologic 
processes. The diagnosis of meningitis is based on the 
results of CSF analysis. Furthermore, our patients with 
cryptococcal meningitis had characteristic nonenhancing 
foci without mass effect in the region of the basal ganglia, 
best seen on T2-weighted images (Fig. 5). As previously 
reported [13, 14], these foci represent cystic collections of 
the cryptococcal organisms in the perivascular spaces of the 
perforating arteries. The contrast-enhanced images did not 
contribute to the diagnosis in these patients. 

The AIDS dementia complex affects more than 30% of 
patients with AIDS [15]. Findings seen on MR images are 
nonspecific and consist of atrophy or diffuse white matter 
disease or both [16-19]. MR imaging is relatively insensitive 
in the detection of microglial nodules associated with direct 
HIV-1 infection [16, 17]. We have no histologic verification of 
intracranial HIV infection in our patients in whom these MR 
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Fig. 2.—32-year-old man with AIDS who had 
sudden onset of confusion. 

A, Axial unenhanced T2-weighted (2500/90) 
SE MR image shows a large mass lesion with 
central areas of low signal occupying right oc- 
cipital lobe and a second lesion of increased 
signal in white matter of left frontal lobe. 

B, Axial T1-weighted (600/20) SE MR image 
with contrast material shows heterogeneous 
enhancement of right occipital lesion and 
marked homogeneous enhancement of lesion 
in left frontal lobe. Subtle diffuse subependy- 
mal enhancement is also present. Biopsy of 
right occipital lesion showed lymphoma. 


Fig. 3.—52-year-old man with AIDS who had 
a clinical diagnosis of AIDS dementia complex. 

A, Axial unenhanced T2-weighted (2500/90) 
SE MR image shows diffuse high signal within 
periventricular white matter that extended into 
centrum semiovale. 

B, Axial contrast-enhanced T1-weighted 
(600/20) SE MR image at corresponding level 
shows no abnormality other than moderate 
(grade 2) ventriculomegaly. 


findings were described. None of these areas of signal alter- 
ation in the white matter showed enhancement after admin- 
istration of contrast material. 

In conclusion, our study does not support the routine use 
of gadopentetate dimeglumine for MR imaging of the brain in 
patients with AIDS. Our experience emphasizes the impor- 
tance of a normal T2-weighted image. If the findings are 
abnormal on the T2-weighted image, then contrast material 
can help to further characterize a lesion, determine the best 
site for biopsy, or show subependymal spread. The limited 
diagnostic benefits obtained from gadopentetate dimeglu- 
mine—enhanced MR imaging of the brain in patients with 
AIDS do not appear to justify the routine use of the contrast 
material. 
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Fig. 4.—29-year-old man with AIDS who had 
alteration in mental status. 

A, Axial unenhanced T2-weighted (2500/90) 
SE MR image shows high signal in heads of 
both caudate nuclei, left greater than right. 

B, Axial T1-weighted (600/20) SE MR image 
with contrast material shows no enhancement 
of lesions in caudate nuclei. Subtle enhance- 
ment is seen in a third lesion occupying body 
of left caudate nucleus; lesion was also detect- 
ed on unenhanced T1-weighted MR image (not 
shown). Biopsy of lesion in head of left caudate 
nucleus showed lymphoma. 


Fig. 5.—45-year-old man with AIDS who had 
cryptococcal meningitis. 

A, Axial unenhanced T2-weighted (2500/90) 
SE MR image shows clustered hyperintense 
foci mainly within basal ganglia bilaterally, rep- 
resenting dilated Virchow-Robin spaces. A 
similar lesion is seen in anterior aspect of right 
insula. 

B, Axial T1-weighted (800/20) MR image with 
contrast material shows no evidence of lesion 
enhancement. 
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Pitfalls in Medical Writing 





More Nominal Dysphasia in Medical Nomenclature 


Peter M. Ronai 


in ancient Rome, a nomenclator (Latin: nomen = name; calare = 
to announce or proclaim) was a slave who accompanied his master, 
identifying—and announcing the names of—the people they met, 
especially during political campaigns [1]. This eventually led to our 
word nomenclature, meaning a classified system of names. In the 
preceding vignette [2], | gave a dozen examples of common errors 
in medical nomenclature. Another 11 examples follow. 

Succinturiate lobe. The Roman military unit of 100 soldiers was 
commanded by a centurion (Latin: centurio = commander of 100 
men). The officer, who substituted for the centurion when the latter 
was unavailable or indisposed, was the succenturio (Latin: sub = 
under; centurio = centurion). Succenturiate (not “succinturiate”) 
therefore came to mean a substitute and then an accessory, as in 
the succenturiate lobe of the placenta. It is not related to succinct 
(Latin: sub = under; cingere = to gird or cinch), meaning “brief, 
concise.” 

Osteochondritis dessicans. This disorder of joints, in which frag- 
mentation of articular cartilage and bone occurs, is correctly termed 
osteochondritis dissecans [3] from the Latin: dissecare = to cut into 
pieces. (Some authors prefer osteochondrosis dissecans [4], since 
this is not an inflammatory condition). Perhaps those authors who 
write “dessicans” believe that the condition results from a “drying 
out” of the cartilage. If so, they should write “desiccans" with one s 
and two c’s (Latin: desiccare = to dry up completely). Nevertheless, 
the process of cartilaginous and osseous fragmentation requires the 
use of dissecans. 

Decubitus film, as in “decubitus film of the abdomen,” is almost 
always used incorrectly. Decubitus comes from the Latin: decum- 
bere = to lie down; hence a decubitus film means simply a film taken 
with the patient lying down. What is usually meant is a “lateral decu- 
bitus film,” taken with the patient lying on his or her side. Even this is 
not specific enough, since this film could be taken with horizontal, 
vertical, or angled beam. A horizontal beam, left lateral decubitus 
view of the abdomen leaves no room for confusion. 

Saggital sections. The Latin for arrow is sagitta (with one g and 
two t’s). The old anatomists considered the midline suture of the cal- 
varia (for calvaria, see [2]) to be arrowlike, and named it the sagittal 
suture. Accordingly, the midline plane of the body became the sagit- 
tal plane. Strictly speaking, there is only one sagittal plane: the 
(median) plane that passes through the sagittal suture, dividing the 
body into two equal halves [5]. Sections in any plane parallel to the 
sagittal plane used to be called parasagittal sections [5] (Latin: para 
= beside), but most authorities now accept sagittal as including the 
planes parallel to the median plane. 

Adnexae. The Latin word for appendage is adnexus. This is a 
fourth-declension noun whose plural is adnexa, not adnexae [6]. 
The adnexa uteri or appendages of the uterus are therefore the 
tubes and ovaries [5]. Adnexa is sometimes misused to refer to the 
regions of the pelvis where the tubes and ovaries reside, namely, 
the regions lateral to the uterus. The etymology does not support 
this meaning. 

Viable, as in “viable fetus,” has a very specific and medicolegally 
important meaning: a fetus that has developed sufficiently within the 


uterus to be able to live and continue normal development outside 
the uterus [7]. “Single, intrauterine viable fetus at 16 weeks’ gesta- 
tional age” clearly represents a misuse of the term viable, yet state- 
ments like this are frequently seen in sonography reports and even 
sometimes in the radiologic literature. Living should be used instead 
of viable. 

Fetus also has a very specific meaning: it is restricted in humans 
to the developing offspring from the end of the second month of 
pregnancy until birth [7]. Before the end of the second month, the 
term embryo should be used [7]. “Single intrauterine fetus at 8 
weeks’ gestational age,” “6-week gestational sac containing a fetal 
pole,” and “fetal cardiac motion is usually evident by 6 weeks” all are 
examples of incorrect use of fetus. Embryo (or embryonic) should 
be used whenever the gestational age is 8 weeks or less. 

Left mainstem bronchus. The correct nomenclature is left main 
bronchus [7]. Left mainstem bronchus is not in the mainstream of 
medical nomenclature, although recently one author thought that it 
should be, and called it the “left mainstream bronchus.” 

Nucular medicine, radioisotope, radionucleotide. The pronuncia- 
tion “nucular’ instead of “new-cle-ar” is not the only problem with 
nuclear nomenclature. Although common in the radiologic literature, 
the word radioisotope, as in “the radioisotope iodine-131,” is remi- 
niscent of the sound of one hand clapping. Isotopes (Greek: isos = 
equal; topos = place) are two or more nuclear species that have the 
same atomic number and therefore are in the same place in the 
periodic table. If they also happen to be radioactive, they are called 
radioisotopes. lodine-125 and iodine-131 are radioisotopes—two 
radioactive nuclear species in the same place in the periodic table. 
lodine-131, when considered in isolation, is a radionuclide (i.e., a 
nuclear species—or nuclide—that is radioactive). When iodine-131 
is attached to a pharmaceutical product such as Hippuran (sodium 
ortho-iodohippurate), the combination is called a radiopharmaceuti- 
cal. If it were attached to a nucleotide (purine or pyrimidine base- 
sugar-phosphate), the combination would be called a radionucle- 
otide. It is amazing how many physicians say “radionucleotide” 
when they mean “radionuclide.” 

When authors exercise care in writing about their work and pay 
careful attention to correct nomenclature, readers will have confi- 
dence that equal care was used in carrying out the work described. 
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Pictorial Essay 





Neurofibromatosis: MR Imaging Findings Involving 


the Head and Spine 


Hui Hua Shu, ':? Scott A. Mirowitz,? and Franz J. Wippold II" 


MR imaging can be used to identify abnormalities of the 
head and spine in patients with neurofibromatosis. In this pic- 
torial essay, we illustrate the craniospinal MR imaging findings 
in a large series of patients with neurofibromatosis. 


The neurofibromatoses, currently recognized as two dis- 
tinct genetic disorders, are the most common of the neuro- 
cutaneous syndromes. Although these disorders have 
multisystem organ involvement, craniospinal manifestations 
predominate. Criteria for the diagnosis of neurofibromatosis- 


Fig. 1.—MR imaging findings in an 11-year- 
old boy with neurofibromatosis. 

A, Axial T1-weighted (750/21) image shows 
bilaterally symmetric nodular regions of 
increased signal intensity in globi pallidi 
(arrowheads). 

B, Axial T2-weighted (3200/90) image shows 
focal nodular regions of increased signal inten- 
sity (arrowheads), which are somewhat more 
limited in extent than is apparent on T1- 
weighted image. 


Received February 27, 1992; accepted after revision June 15, 1992. 


1 (NF-1) and neurofibromatosis-2 (NF-2) have been pro- 
posed by the National Institutes of Health (NIH) Consensus 
Development Conference. NF-1 is the most common type, 
affecting 1/4000 persons. Fifty percent of cases of NF-1 
result from spontaneous mutation; the remaining cases are 
transmitted by autosomal dominant inheritance. The gene 
for NF-1 has been localized to chromosome 17. Among its 
variable manifestations are café-au-lait macules, neurofibro- 
mas, plexiform neurofibromas, axillary or inguinal freckling, 
optic gliomas, Lisch nodules (iris hamartomas), and distinc- 
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tive osseous lesions or dysplasias [1]. The second distinct 
disorder, NF-2, is less common and occurs in 1/50,000 per- 
sons. Its gene is located on chromosome 22 and it too is 
transmitted through autosomal dominant inheritance. Char- 
acteristic manifestations include eighth nerve tumors or 
schwannomas, other intracranial and intraspinal tumors 
such as neurinomas of other cranial nerves, and meningi- 
oma. 

We reviewed 171 MR examinations done in a 5-year 
period in 85 patients with clinically documented neurofibro- 
matosis. The patients were either symptomatic for the body 
part imaged or the examinations were performed as a follow- 
up for previously documented disease. Thirty-nine males 
and 46 females between 3 months and 73 years old (mean 
age, 20 years) were included. One hundred seven cranial 
MR examinations were performed in 70 patients, and 64 spi- 
nal studies were performed in 29 patients. The latter 
involved the cervical region in 25 patients, the thoracic 
region in 14, and the lumbar region in 25. Examinations 
were performed on Siemens Magnetom units operating at 
various field strengths (0.3-1.5 T). Standard T1-weighted, 
spin density-weighted, and T2-weighted spin-echo se- 
quences were used. Gadopentetate dimeglumine (0.1 mmol/ 
kg Magnevist; Berlex, Wayne, NJ) was administered IV dur- 
ing the course of 47 examinations (35 brain, 12 spine). Con- 
trast material was used in all symptomatic patients and in 
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follow-up examination of all patients who were more than 2 
years old after July 1988. Serial examinations (two to six) 
were available in 32 patients (22 brain, 10 spine). 


Cranial Examinations 


Cranial MR examinations revealed abnormalities in 66 
(94%) of the 70 patients. Multifocal lesions were present in 
most (48/66 patients; 73%). The most frequently seen 
abnormalities (30/70 patients; 43%) were focal areas of 
homogeneously increased signal intensity on T1- and/or T2- 
weighted images without associated mass effect, most often 
encountered in the basal ganglia. Contrast material was 
administered to 16 patients with such lesions; no abnormal 
contrast enhancement was observed. Signal intensity on T2- 
weighted images was increased in all 30 patients with these 
lesions, and in 10 of these patients, significant hyperintensity 
was present on T1-weighted images also (Figs. 1 and 2). 
Although the precise nature of these signal abnormalities is 
unknown, they are presumed to represent hamartomas con- 
taining cellular constituents such as glial tissue, Schwann 
cells, and melanocytes [2]. The last two tissues may be 
responsible for the observed T1 shortening, which was pri- 
marily seen with the basal ganglial lesions [3]. Although 
these lesions exhibited apparently benign features, with no 
evidence of progression on limited follow-up examinations in 
this series (serial examinations in seven patients: range, 


Fig. 2.—MR imaging findings in 8-year-old 
boy with neurofibromatosis. 

A and B, Contrast-enhanced T1-weighted 
(750/20, A) and unenhanced T2-weighted (2500/ 
90, B) images show diffusely increased signal 
intensity (arrows) in globi pallidi, posterior 
limbs of internal capsule, and posterolateral 
thalami. Distribution of signal abnormalities is 
different on T1- and T2-weighted images. 


Fig. 3.—MR imaging findings in 15-year-old 
girl with optic glioma. 

A and B, Coronal T1-weighted (750/21) 
images obtained before (A) and after (B) con- 
trast enhancement show enlargement of optic 
chiasm and optic nerves without abnormal 
contrast enhancement (arrows), owing to pre- 
sumed optic glioma. Signal intensity in right 
basal ganglia (arrowheads) is mildly increased. 
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two-six examinations, mean, three), longitudinal examina- 
tion of a larger number of patients is needed to exclude a 
low-grade malignant tumor or premalignant lesion. 

The next most frequently seen abnormalities were glio- 
mas of the optic system, which were present in 21 (30%) of 
70 patients. MR imaging in these patients was prompted by 
visual symptoms or headaches. The optic chiasm was 
involved most often (19 patients), with optic nerve and optic 
tract involvement in 16 and six patients, respectively [4] 
(Figs. 3 and 4). Results of surgical biopsies were not avail- 
able because these lesions were usually treated nonsurgi- 
cally. These lesions had variable contrast enhancement. 
Other orbital lesions included neurofibromata, schwanno- 
mas (Figs. 5 and 6), and buphthalmos (Fig. 7) in two patients 
each. The orbital neurofibromata and schwannomas were 
proved surgically. Dural ectasia affecting the optic nerve was 
present in one patient. Complex masses were present in the 
hypothalamic/suprasellar region in four patients. One patient 





Fig. 4.—MR imaging findings in 7-year-old boy with glioma in optic chiasm. 
Aand B, Coronal T1-weighted (750/20) images obtained before (A) and after (B) contrast adminis- 
tration show a glioma (arrow) in optic chiasm. Intense contrast enhancement is present within cen- 


tral and left aspects of chiasmal mass (arrowhead). 





A i es) a . 


Fig. 6.—MR imaging findings in 18-year-old man with orbital schwannoma. 
A and B, Axial T1-weighted (700/21, A) and T2-weighted (2500/90, B) images show a large orbital 
schwannoma (S) that displaces right optic nerve medially and superiorly and results in right-sided prop- 


tosis. Schwannoma was verified surgically. 
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underwent open biopsy, the results of which revealed a glial 
neoplasm (Fig. 8). 

Plexiform neurofibromata, most often infiltrated in or 
around the orbits or skull base, were present in nine patients 
(Fig. 9). This diagnosis was proved surgically in five patients. 
One patient had a largely extracranial neurofibrosarcoma. 
Additional cutaneous or bony lesions included subcutaneous 
neurofibromata in seven patients (Fig. 10), cranial bony dys- 
plasia (three sphenoid, two parietal, one frontal) in six 
patients (Fig. 7), and basilar impression in one patient. Cere- 
bral atrophy was present in eight patients; temporal lobe 
enlargement was evident in one patient, and generalized 
macrocephaly in another. 

Four patients had hydrocephalus, which was attributable 
to a mass in the third ventricle in one patient. Increased sig- 
nal intensity in the periventricular white matter was seen on 
T2-weighted images in seven patients. Prominent CSF 
spaces or arachnoid cysts were present in five patients (Fig. 





Fig. 5.—MR imaging findings in 47-year-old 
man with orbital neurofibroma. Axial T2- 
weighted (2800/90) image shows multilobular 
soft-tissue mass involving right optic nerve 
with markedly increased signal intensity and 
associated proptosis (arrowheads). 





Fig. 7.—MR imaging findings in 11- 
year-old boy with buphthalmos. Axial T1- 
weighted (750/21) image shows left orbital 
buphthalmos (arrowhead) and dysplasia 
of left wing of sphenoid bone (arrows). 
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Fig. 8.—MR imaging findings in 2-year-old 
girl with family history of neurofibromatosis 

A and B, Unenhanced axial T2-weighted 
(2400/90, A) and contrast enhanced sagittal 
T1-weighted (760/22, B) images show a pri- 
mary glial neoplasm (surgically confirmed) 
that involves optic chiasm, optic tracts, optic 
pathways bilaterally, hypothalamus, cerebral 
peduncles, and upper pons. 


Fig. 9.—MR images of 23-year-old man with 
neurofibromatosis show a right-sided plexi- 
form neurofibroma that infiltrates along base 
of right side of skull, involves portions of cli- 
vus and squamous portion of temporal bone, 
and encircles portions of C1 and C2 vertebral 
bodies. 

A, On unenhanced axial T2-weighted (2200/ 
90) image, mass shows heterogeneously 
increased signal (arrowheads). 

B, Contrast-enhanced axial T1-weighted 
(750/20) image shows enhancement of mass 
(arrows). Tumor was less conspicuous on 
unenhanced T1-weighted images (not shown). 





Fig. 10.—MR imaging findings in 70-year-old 
woman with neurofibromatosis. Sagittal T1- 
weighted (600/15) image shows multiple cuta- 


neous and subcutaneous neurofibromata 
(arrow) located within scalp. Also optic chiasm 
is enlarged (arrowhead). 


11). Intracranial lipomas were present in two patients 


(Fig.12). 


Lesions in the posterior fossa included bilateral acoustic 
schwannomas in three patients (Fig. 13), schwannomas 


Fig. 11.—MR imaging findings in 8-year-old 
boy with neurofibromatosis. Coronal T2- 
weighted (2200/120) image shows a large 
arachnoid cyst lateral to left temporal lobe. 


Fig. 12.—MR imaging findings in 15-year-old 
girl with neurofibromatosis. Sagittal T1- 
weighted (750/20) image shows hypoplasia of 
splenium of corpus callosum with an associ- 
ated pericallosal lipoma (arrows). 


involving cranial nerves V, IX, X, and XI in two patients (Fig. 


14), dural ectasia affecting the internal auditory canals in two 


patients, cerebellar masses of undetermined origin in two 
patients (Fig. 15), epidermoid cyst in one patient, brainstem 
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gliomas in three patients, and meningioma in one patient 
(Fig. 14). The three patients with acoustic schwannomas 
were presumed to have NF-2, and the lesions were proved 
surgically. The remainder of the patients were presumed to 
have NF-1. The lesions of the eighth cranial nerve and the 
meningioma enhanced homogeneously, while enhance- 
ment in the cerebellar and brainstem lesions varied. The cer- 
ebellar masses had increased signal intensity on T2- 
weighted images and may have represented hamartomas or 
low-grade gliomatous lesions. No pathologic follow-up was 
available. 


Spinal Examinations 


MR examinations of the spine revealed abnormalities in 
23 (79%) of 29 patients. Bony abnormalities included severe 
scoliosis in 10 patients (Fig. 16), kyphosis in two patients, 


Fig. 13.—MR imaging findings in 21-year-old 
deaf woman with neurofibromatosis-2. Large 
masses are present bilaterally in cerebellopon- 
tine angles and internal auditory canals. 

A and B, Unenhanced (A) and contrast- 
enhanced (B) axial T1-weighted (750/20) images 
show that lesions, which represent surgically 
verified acoustic schwannomas, undergo 
homogeneous contrast enhancement and 
widen both internal auditory canals. 
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and vertebral compression and basilar impression in one 
patient each. The scoliotic curve was acute and typically 
occurred in the thoracic region. Dural ectasia, with associ- 
ated posterior vertebral scalloping, was present in seven 
patients (Fig. 17), and a lateral meningocele (Fig. 18) and a 
pseudomeningocele were present in one patient each. 
Multiple neurofibromata involved the nerve roots in 10 
patients (Fig. 19). These lesions enhanced after administra- 
tion of contrast material and displayed the typical dumbbell 
shape on axial images (Figs. 19 and 20). Two patients had 
invasive neurofibrosarcomas. Plexiform neurofibromata 


involving the paraspinal regions and subcutaneous neurofi- 
bromata were seen in three and two patients, respectively. 

An intraspinal lipoma and presumed astrocytoma were 
observed in one patient each, and nerve root clumping con- 
sistent with arachnoiditis was present in one patient. 








Fig. 14.—MR imaging findings in 19-year-old 
woman with neurofibromatosis-2. Contrast- 
enhanced axial T1-weighted (750/20) image 
shows homogeneously enhancing left-sided 
acoustic neuroma (black arrowhead) and mid- 
line posterior fossa meningioma (arrow). 
Patient had previously had a right-sided acous- 
tic schwannoma resected, and recurrent tumor 
is now present. An enhancing trigeminal neu- 
roma also is present in region of Meckel’s cave 
on patient’s right side (white arrowhead). All of 
these lesions were less conspicuous on unen- 
hanced images (not shown). 


Fig. 15.— MR imaging findings in 2-year-old 
girl with neurofibromatosis. Axial T2-weighted 
(2400/900) image shows abnormally increased 
signal intensity in both cerebellar hemispheres 
extending into right aspect of pons. This repre- 
sents either hamartoma or low-grade glioma. 
No significant change was noted when images 
were compared with images obtained 6 months 
earlier (not shown). 


Fig. 16.—MR imaging findings in 9-year-old 
boy with neurofibromatosis and scoliosis. 
Acute levoscoliosis of thoracolumbar spine is 
shown on coronal T1-weighted (500/20) image. 
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Fig. 17.—MR imaging findings in 16-year-old boy with dural ectasia. Fig. 18.—MR imaging findings in a 68-year-old woman 
A and B, Sagittal spin density-weighted (1700/35, A) and T2-weighted (1700/120, B) with neurofibromatosis. Axial T2-weighted (2000/120) image 
images show enlargement of CSF space and posterior vertebral scalloping throughout shows scalloping of right pedicle (arrows) of thoracic verte- 
thoracic spine due to dural ectasia. bral body due to a lateral meningocele (M). This “mass” fol- 
lows CSF signal intensity on T1-weighted and spin density- 

weighted images also. 





Fig. 19.—MR imaging findings in 19-year-old woman with neurofibromatosis-2. Fig. 20.—MR imaging findings in 40-year-old 

A, Contrast-enhanced sagittal T1-weighted (820/15) image shows multiple enhancing woman with neurofibromatosis. Coronal T1- 
intradural extramedullary masses adjacent to thoracic cord (arrowheads), representing neu- weighted (500/20) image of cervical spine shows 
rofibromata. dumbbell-shaped nerve sheath tumor (arrows) with 

B, Contrast-enhanced axial T1-weighted (720/15) image shows typical dumbbell-shaped an intraspinal component displacing spinal cord and 
enhancing mass extending through intervertebral neural foramina (arrowheads). These extending through intervertebral neural foramina. 
lesions were less conspicuous on corresponding unenhanced images (not shown). 
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Fluid Flow During Percutaneous 
Drainage Procedures: An In Vitro 
Study of the Effects of Fluid Viscosity, 
Catheter Size, and Adjunctive Urokinase 





J ung K. Park! OBJECTIVE. An in vitro study was performed to determine the range of flow times 
Frederick C. Kraus +2 of different bodily fluids through catheters of different diameters and to test the 
John R. Haaga! hypothesis that urokinase might decrease the viscosity of purulent material. 

MATERIALS AND METHODS. A standard viscometer was used to measure the vis- 
cosities of water, blood, pseudocyst fluid, purulent material, and purulent material 
with admixed urokinase. For each fluid, Poiseuille’s law was used to caiculate the 
kinematic viscosity, from which theoretical drainage times through seven different 
sizes of catheters were calculated. These theoretical times were compared with the 
actual measured values to verify that flow was according to Poiseuille’s law. 

RESULTS. The calculated kinematic viscosities (in 10° stokes) were as follows: 
water, 0.695 + 0.006; pseudocyst fluid, 2.185 + 0.008; blood, 3.001 + 0.049; abscess 
fluid without urokinase, 5.729 + 0.064; and abscess fluid with urokinase, 4.416 + 
0.070. The viscosity of abscess fluid decreased by 23% with the addition of uroki- 
nase. Drainage time was considerably shorter with larger catheters. 

CONCLUSION. Flow of various bodily fluids, including pus, is according to Poi- 
seuille’s law, confirming that for more viscous fluid, larger catheters provide more 
rapid drainage. Urokinase decreases viscosity of purulent material and increases 
flow for all sizes of catheters. 
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Although most reports on percutaneous drainage of abscesses have stated that 
| larger catheters provide more effective drainage than smaller ones do, Gobien et 
| : al. [1] and Johnson et al. [2] found a poor correlation between catheter size and 
success rate. Furthermore, it has been reported that urokinase may decrease the 
viscosity of purulent material and thereby enhance percutaneous drainage [3]. We 
performed an in vitro study to determine the range of flow velocities of different 
bodily fluids through catheters of different sizes and to test the hypothesis that 
urokinase might decrease the viscosity of purulent material, thereby improving its 
flow and potentially reducing the time required for percutaneous drainage of an 
abscess. 
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applied to Poiseuille’s law to express drainage time (T) as a function 
of these variables. 


where 


2 T pf g 
A 128 Y L 


A = area of pipette, V = volume of fluid transmitted through the cath- 
eter, and H(0) = height difference at t = 0 of the two columns of fluid. 
All variables except catheter diameter (D) and kinematic viscosity (y) 
were kept constant throughout the experiment. 

Flow was measured with a standard Cannon-Manning semimicro 
viscometer (Cannon Co., State College, PA), a large 37.4°C water 
bath, and a series of catheters of different lengths fixed to standard 
25-ml serologic pipettes (Falcon Co., Oxnard, CA; Figs. 1A and 1B). 
The outer diameters of the seven catheters used varied in size from 
6-French to 18-French; the inner diameters were measured by 
using a Nikon Optiphot light microscope (Nikon Corp., Tokyo, 
Japan). A chronometer (Heuer-Leonidas, SA, Geneva, Switzerland) 
with an accuracy of 0.01 sec was used to measure the flow rates of 
the various fluids. 

Five different fluids were used in the experiment: water, blood, 
pseudocyst fluid, purulent material without urokinase, and purulent 
material with urokinase. The blood was obtained by venipuncture, 
heparinized, and used the same day of the experiment. The 
pseudocyst fluid and purulent material had been collected from two 
different patients, and the samples were frozen at -70°C until the 
day of the experiment. For the urokinase treatment experiments, 
5000 IU of urokinase (Abbokinase, 1.8 ml fluid volume), activated 
with 3.0 ml of serum, was added to 50 ml of abscess fluid. 

For the measurement of kinematic viscosity, the viscometer was 
placed in the water bath, and measurements were made as follows: 
a standard volume (3 ml) of the appropriate fluid was placed into the 
viscometer reservoir while the opposite end of the viscometer was 
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occluded to prevent flow. After the fluid was adjusted to the base- 
line, gravity flow was permitted. Drainage times were measured to 
the closest 0.01 sec by using the chronometer and visual observa- 
tion. For each fluid, a mean drainage time from five trials was used 
in the drainage time equation to calculate the mean kinematic vis- 
cosity. The results were expressed in meters per second. The mean 
kinematic viscosity for each fluid was then used to create theoretical 
curves for flow for various catheter sizes. To determine whether flow 
was according to Poiseuille’s law, we compared these theoretical 
values with actual measurements of flow obtained in subsequent 
experiments. 

Actual fluid flows through the various catheters were measured 
as follows. The pipette catheter assembly was placed into the water 
bath, and the fluid level was adjusted to the baseline. Fluid was per- 
mitted to flow by gravity, without application of vacuum. The drain- 
age time of 10 ml of fluid through each of the catheter devices was 
measured. The catheters were 30-cm lengths of seven different 
sizes between 6-French and 18-French. The same fluid was used 
for each experiment, going from the catheter with the largest caliber 
to the one with the smallest caliber. To minimize the effects of error 
associated with the manual chronometric measurements for each 
fluid and catheter, we measured flow 10 times for each combination. 
The mean was calculated after the highest and lowest values were 
discarded. Laminar flow was assumed for all measurements 
because the catheters were aligned so that no kinking or distortion 
of the lumen occurred. 


Results 


The kinematic viscosity (the ratio of the absolute viscosity 
to density of the material) in 10°° stokes for each fluid was as 
follows: water, 0.695 + 0.006; pseudocyst fluid, 2.185 + 
0.008; blood, 3.001 + 0.049; abscess fluid without urokinase, 
5.729 + 0.064; abscess fluid with urokinase, 4.416 + 0.070. 
The addition of urokinase decreased the viscosity of pus to 
0.77 times the viscosity of pus without urokinase. 





Fig. 1.—A and B, Experimental apparatus for measuring drainage time of various liquids through different sizes of catheters includes large water bath 
in which a Cannon-Manning semimicro viscometer is suspended. 
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The actual and theoretical times required to drain 10 ml of 
various fluids through catheters with different diameters are 
shown in Figures 2A-2E. 

The actual times for drainage of various fluids through 
catheters of different sizes are compared in Figure 3. The 
differences in viscosity had a significant effect on the time 
needed to drain 10 ml of the different fluids. Drainage time 
was also significantly improved with the larger diameter 
catheters as compared with the smaller diameter catheters. 
Flow was less dependent on fluid viscosity in the larger cath- 
eters. The addition of urokinase to the purulent material sub- 
stantially reduced its drainage time for all catheter sizes. 
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Discussion 


In the past decade, CT and sonographically guided percu- 
taneous drainage of abscesses and fluid collections has 
become a widely used, safe, and effective technique. Vari- 
ous factors can hinder or delay successful drainage of 
intraabdominal abscesses, including the location and course 
of the abscess, the nature of the infecting organism, host 
resistance [5], choice of antibiotics, number and extent of 
cavities [6], multiloculations of phlegmon [7, 8], fistulous con- 
nections, and viscosity of the cavities’ contents. Several pro- 
cedure-related factors also can influence the effectiveness 
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Fig. 3—Composite graph shows measured flow rates of various fluids 
through different sizes of catheters. Note that rate of flow of purulent ma- 
terial is increased markedly by addition of urokinase. 


of drainage, including type, number, and sites of catheters 
and type, frequency, and volume of irrigations given to 
ensure catheter patency. 

In the early descriptions of percutaneous drainage of 
abscesses, the size of the abscess cavity, location of the 
abscess, safety of access route, and nature of the abscess 
determined the selection of size and type of catheter. Gerzof 
et al. [9] and Haaga and Weinstein [6] used 12- to 16-French 
trocars for large superficial abscesses without intervening 
structures and 7- to 8-French pigtail catheters for other fluid 
collections. Others [7, 8] suggested that large-bore, double- 
lumen sump catheters (12- to 14-French) be used for puru- 
lent collections larger than 100 mi, medium-bore nonsump 
catheters for nonviscous material (e.g., loculated ascites and 
seroma), and small-bore trocars for nonviscous collections 
smaller than 100 ml. Gobien et al. [1] found no statistically 
significant difference between the different-sized catheters in 
the frequency of successful drainage. They further sug- 
gested that attributing failures to catheter size alone may be 
an oversimplification for predicting failure in percutaneous 
drainage of an abscess. Jaques et al. [10] proposed that the 
abscess site alone (e.g., liver and subphrenic abscesses) 
was more predictive of successful percutaneous drainage. 
We have contended that the failure of these procedures 
could also be directly related to the viscosity of the fluid 
being evacuated from the abscess [6]. 

Our review of the literature suggests similar success for 
small- and large-diameter catheters. We tabulated the aver- 
age number of days of drainage for small and large cathe- 
ters (as defined by Mueller et al. [8]} from reported series. 
Unexpectedly, drainage times were less with the small-diam- 
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eter catheters than with the large-diameter catheters (Table 
1). The most plausible explanation for this paradox is that 
less-viscous collections were drained with small catheters. 
In the other cases, the viscosity of the material drained was 
great enough so that even the large-diameter catheters did 
not enhance drainage proportionately. 

To our knowledge, only one report, by Tillett et al. [11], has 
described the value of fibrinolytic agents in reducing viscos- 
ity of purulent fluid collections. They compared the viscosity 
of a tuberculous pus sample alone with that of a sample 
mixed with urokinase and found that the viscosity changed 
from 150 times that of water to four times that of water (their 
method of measurement was not noted). 

In our experiment, a variety of fluids were tested for their 
viscosity and flow through different sizes of catheters under 
standard conditions. We found that the flow of all these flu- 
ids, including pus, was according to Poiseuille’s law. Using 
the measured drainage times, we were able to calculate the 
kinematic viscosities of various fluids, including water, blood, 
pseudocyst fluid, pus alone, and pus with urokinase. These 
values were then used to calculate a theoretical curve for 
fluid drainage through the various catheters, to which we 
compared our measured values (Figs. 2A-2E). The differ- 
ences in viscosities produced expected differences in drain- 
age times, although the actual measured times differed 
slightly from the theoretical times. From a practical point of 
view, this experiment shows the benefit of using larger cath- 
eters; flow rate is much higher for the larger catheters than 
for the smaller ones. Although the freezing and thawing 
could theoretically affect the viscosity of the pus by fracturing 
the cell membranes of the leukocytes, the relative measure- 
ments we made would still be valid because the same mate- 
rial was used for all measurements. The second important 
finding from our study is that urokinase produced a consider- 
able reduction in the viscosity of purulent material and flow 


TABLE 1: Effect of Catheter Diameter on Percutaneous 
Abscess Drainage 








No.(%) Average 
Catheter Category Number Successfully AIE 
Drained (Range) 
Small diameter 
(5-10 French) 
All reports 100 91 (91) 
Reports with days of 
drainage indicated 70 63 (90) 18.7 (2-90) 
Large diameter 
(12-24 French) 
All reports : 185 159 (86) 
Reports with days of 
drainage indicated 84 71 (85) 38.5 (3-110) 
All diameters 
(5-24 French) 
All reports 623 530 (85) 
Reports with days of 
drainage indicated 317 282 (89) 19.9 (2-10) 
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time through catheters of various sizes. The greatest benefit 
was noted with the smaller sizes of catheters. These results 
suggest that intracavitary urokinase might improve percuta- 
neous drainage by reducing the viscosity of purulent mate- 
rial and, therefore, reducing flow time. An additional 
theoretical benefit might be the lysis of fibrinous adhesions 
and loculations, which also can delay or impair drainage. 

In conclusion, our data indicate that various bodily fluids, 
including pus, flow according to Poiseuille’s law, thereby 
confirming that, particularly for more viscous fluid, larger 
catheters provide significantly faster flow than smaller cathe- 
ters do. Furthermore, our study shows that urokinase 
decreases the viscosity of purulent material and increases 
drainage flow rates for all sizes of catheters. This basic infor- 
mation suggests that use of intracavitary urokinase in con- 
junction with percutaneous abscess drainage might be 
useful if drainage after catheter placement is inadequate. 
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The 1995 centennial celebration of the discovery of the X-ray will be a yearlong series of activities. Some, including special programs and exhibits scheduled for 
the annual meetings of sponsoring societies, are directed to the radiologic community; others are intended to inform the general public about the contributions of 
radiology to today’s health care. Among the public-directed efforts will be books, television programs, news and feature articles, a school teaching package, and 
lecture materials. Exhibits and presentations will be available to radiology departments and private practices for use in their communities during the year. 

Radiology Centennial, Inc., is an organization sponsored by 43 national radiologic societies, five boards and registries, three federal agencies, and 25 leading 
suppliers of radiologic equipment and material. Each sponsor is represented on the board of directors of Radiology Centennial, Inc., and on its dozen working com- 
mittees. 

The official poster of Radiology Centennial, Inc., was designed by artist Greg Harlin of Annapolis, MD, a noted magazine illustrator and designer. It is a montage 
depicting 100 years of change in diagnostic and therapeutic radiology and is intended to reflect the tremendous advances that have made radiology a vital part of 
the nation’s health resources. 

Art-quality prints of the 24 x 16 in. original are being presented to radiology groups and individuals who contribute $1000 or more to Radiology Centennial, Inc. 
Other donors receive centennial pins. The total budget for the organization has been set at $3 million, with half to come from radiologists and half from the companies 
that supply goods and services to them. 

For further information about Radiology Centennial, Inc., contact RCI, 1891 Preston White Dr., Reston, VA 22091, or telephone (703) 648-8905. 
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Safety of Intracavitary 
Urokinase with Percutaneous 
Abscess Drainage 


OBJECTIVE. Percutaneous drainage of abscesses is an effective treatment, but the 
success rate is lower for abscesses that have septa and are multilocular. Several clin- 
ical and in vitro studies suggest urokinase may be useful in such cases. Our study 
was designed to determine the safety of urokinase administered into an abscess cav- 
ity during the course of percutaneous drainage. 

SUBJECTS AND METHODS. Our study included 26 consecutive patients with 31 
abscesses treated with percutaneous drainage. Exclusion criteria included age less 
than 18 or more than 95 years, CNS disorders (e.g., tumor, vascular problems), coag- 
ulation impairments, hepatic failure, pregnancy, and abscesses in the spleen, pan- 
creas, or interloop area. Three doses were used: group 1 (nine patients), 1000 IU of 
urokinase per centimeter of abscess diameter; group 2 (11 patients), 2500 IU of uroki- 
nase per centimeter of abscess diameter; and group 3 (nine patients), 5000 IU of 
urokinase per centimeter of abscess diameter. These doses were administered every 
8 hr for 3 days along with percutaneous drainage. Charts were reviewed to determine 
success and to detect adverse clinical events. Studies included sequential CT scans; 
serial serum determinations of hematocrit, prothrombin time, partial thromboplastin 
time, platelet count, fibrinogen levels, and levels of fibrin degradation products; and 
serial laboratory analysis of purulent material for fibrinogen and fibrin degradation 
products. Percutaneous drainage was considered successful if no surgical interven- 
tion was required. 

RESULTS. Our results showed no significant change in hematologic studies and 
no bleeding complications. Analysis of purulent material indicated that urokinase 
remained active in the abscess milieu. Drainage was successful in seven of 11 
patients in group 1, all nine patients in group 2, and 10 of 11 patients in group 3. All 
eight abscesses with septa were successfully drained. 

CONCLUSION. Intracavitary urokinase can be given safely during percutaneous 
drainage of an abscess, with no associated bleeding complications or changes in 
coagulation parameters. 
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Percutaneous abscess drainage is accepted as an effective alternative to surgi- 
cal drainage, but some problems with the technique remain. Haaga et al. [1, 2], 
Gerzof et al. [3, 4], and Jacques et al. [5] have reported a success rate for the 
drainage of abscesses with loculi and septa and infected hematomas that is lower 
than the success rate for simple abscesses. Although two earlier reports 
described studies of the use and safety of streptokinase for treating pleural fluid 
collections, few data have been collected on the safety of urokinase used as an 
adjunct to percutaneous drainage in abscesses in other body locations. This 
phase | safety study, approved by the Food and Drug Administration, was 
designed to evaluate the safety of urokinase injected into abscess cavities as part 
of percutaneous drainage. 
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Subjects and Methods 


Formal approval for this phaselsafety study was obtained from 
the Institutional Review Board of University Hospitals of Cleveland 
and the Food and Drug Administration. 

Between March 1989 and December 1990, 26 consecutive 
patients with 31 abscesses were treated with intracavitary uroki- 
nase. The average age of the patients was 51 years (range, 18-80 
years). Half of the patients were men and half were women. The 31 
abscesses were distributed anatomically as follows: 21 retroperito- 
neal, eight intraperitoneal, and two intrathoracic, Eleven of the 
abscesses were postoperative, five were sequelae of pancreatitis, 
nine were sequelae of pyelonephritis, two were sequelae of perfo- 
rated ulcers, and four were of unknown cause. 

The indications for inclusion in the urokinase study were quite 
broad; all patients treated by percutaneous drainage during the 
study period were included even if we saw evidence of septa, loculi, 
hematoma, thick purulent material, or fluid with high CT attenuation 
values. Criteria for exclusion included abscesses in the spleen, pan- 
creas, or interloop area; CNS disorders, including brain abscess, 
tumor, arteriovenous malformation, aneurysm, or history of CNS 
bleeding; coagulation impairment, including partial thromboplastin 
time more than 4 sec beyond normal, platelet count less than 
50,000, or low fibrinogen levels; fulminant hepatic failure; or preg- 
nancy. Patients with pancreatic abscesses were excluded because 
use of a fibrinolytic agent might cause bleeding from vascular 
pseudoaneurysms, which are associated with inflammation of the 
pancreas and pseudocysts. Abscesses adjacent to or separate from 
the pancreas but resulting from pancreatitis were included. Patients 
with interloop abscesses were excluded because it was uncertain 
whether urokinase would prevent closure or enteric fistulas [6]. No 
patients were excluded because of septa, multiplicity of lesions, or 
increased viscosity of purulent material. 

Urokinase treatment was started within 24 hr either after the cath- 
eter had been inserted and the pyogenic nature of the abscess con- 
firmed or after it had been clinically determined that a fluid collection 
should be treated as an abscess. Urokinase, derived from human 
kidney cell culture (Abbokinase, Abbott Laboratories, North Chi- 
cago, IL), was supplied as a sterile, lyophilized preparation. It was 
reconstituted with sterile water for injection, to a final dilution of 5000 
IU/ml. Percutaneous drainage catheters were placed:as described 
earlier [1]. The‘dose of urokinase was selected according to the site 
of the abscess, and three different dosages were used. For each 
centimeter of maximal abscess diameter (determined from CT 
scans), group 1 (patients 1-11 with abscesses 1~10) received 1000 
IU, group 2 (patients 12-20 with abscesses 11-20) received 2500 
IU, and group 3 (patients 18-26 with abscesses 21-31) received 
5000 IU of urokinase. 

The urokinase solution was injected through the catheter into the 
abscess cavity. Although the urokinase concentration remained con- 
stant in the fluid, the volume of solution varied with the size of the 
cavity, that is, the smaller cavities received smaller amounts of fluid 
and the larger cavities received larger amounts of fluid. Therefore, 
for the purposes of this safety study, we considered the dilutional 
effects insignificant. The catheter was flushed with 5-10 ml of saline 
to clear the urokinase from the system. The catheter was clamped 
for 5~10 min and then opened to gravity drainage. The urokinase 
was administered every 8 hr for 3 days; for the duration of the drain- 
age, the catheter was irrigated with 10 ml of saline every 8 hr. 

Other than the administration of urokinase as described earlier, 
the abscesses were managed in a routine fashion according to pre- 
viously described guidelines. CT scans were performed to assess 
the efficacy of treatment. Abscess drainage was considered suc- 
cessful if the abscess was cured by catheter drainage and no surgi- 
cal treatment was required. Clinical safety was ascertained by daily 
clinical observation and a review of the charts at the end of the 
study. 
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Laboratory tests performed before and during therapy included 
serum determinations of hematocrit, WBC count, platelet count, pro- 
thrombin time, partial thromboplastin time, and levels of fibrinogen. 
Levels of fibrinogen and fibrin degradation products were measured 
in samples of abscess fluid also. Aliquots of purulent material were 
collected serially before and throughout the treatment period. Imme- 
diately after collection, the samples were frozen at -70°C, The sam- 
ples were collected until the end of the study and then frozen and 
sent to an outside laboratory for evaluation. The results from serum 
samples obtained before and after administration of urokinase were 
compared. Student's t-test was used for statistical evaluation. 


Results 


All patients tolerated the drainage procedures and the 
instillation of urokinase well. No significant complications, 
including any form of hemorrhage, occurred. One patient 
complained of pain during the injection of urokinase, but the 
discomfort was not severe enough to warrant stopping 
treatment. 

Treatment with urokinase caused no significant changes 
in hematocrit, prothrombin time, partial thromboplastin time, 
platelet count, or serum levels of fibrinogen or fibrin 
degradation products (Table 1). 


TABLE 1: Mean Values of Results of Serum Analysis Before 
and During Urokinase Administration 








Time (hr) 
Parameter ee as re 
0 24 48 72 96 
Hematocrit (%) 32 31 32 32 31 
Platelets (x 10%!) 526 522 537 538 556 


Prothrombin time (sec) 13.7 13.7 138 136 13.5 
Partial thromboplastin 


time (sec) 27 28 27 27 28 
Fibrinogen (mg/dl) 515 521 510 512 506 
Fibrin degradation 

products (mg/ml) 268 454 22 28 25 


Fibrinogen Mg/DI D-Dimer Ng/Mi (Thousands) 
60+ §0 
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Fig. 1.—Graph shows mean levels of fibrinogen and D-dimer (fibrin 
split product) in abscess fluid during treatment with intracavitary uroki- 
nase and percutaneous abscess drainage. Initial rise in D-dimer indicates 
activity of urokinase in abscess cavity. Change in fibrinogen was not sta- 
tistically significant, whereas change in D-dimer was (p< .05, t = 2.38, Stu- 
dent’s t-test). DI = deciliters, Mi = milliliters, Mg = milligrams, Ng = 
nanograms. 
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In abscess fluid, the level of fibrinogen decreased initially 
while levels of fibrin degradation products increased sharply 
and then returned to pretreatment levels after the cessation 
of therapy (Fig. 1). 

Abscess characteristics and results of therapy are 
included in Table 2. These abscesses included eight septate 
abscesses (determined by CT or sonography), three 
infected hematomas, one fungal abscess, and one recurrent 
abscess (Fig. 2). The overall success rate for urokinase reg- 
imen one (n = 11) was 63%, for regimen two (n = 9) was 
100%, and for regimen three (n = 11) was 90%. 


TABLE 2: Abscess Characteristics and Results of Therapy 


Characteristics No.(% 
of Abscess Number Treated of eee 

Simple 23 18 (78) 
Complex 8 8 (100) 
Small (<5 cm) 17 15 (88) 
Large (>5 cm) 14 11 (79) 
Retroperitoneal 21 18 (86) 
Intraperitoneal 8 7 (88) 
Thoracic 2 1 (50) 
Culture positive for 

Bacteria 27 23 (85) 

Fungus 2 1 (50) 
Culture negative 2 2 (100) 





Fig. 2.—38-year-old man with chronic lym- 
phocytic leukemia who had had splenectomy 6 
months earlier. 

A, CT scan shows an abscess in left side of 
abdomen with needle (arrow) directed toward 
abscess. 

B, CT scan obtained after percutaneous 
drainage of abscess without use of urokinase 
shows drained cavity with catheter (arrow) in 
place. Abscess recurred 1 month later and was 
surgically drained. 

C, CT scan obtained several weeks later 
shows recurrence of abscess (arrows) in left 
side of abdomen. 

D, CT scan obtained after percutaneous 
drainage was repeated with adjunctive uroki- 
nase shows resolution of fluid collection with 
catheter (arrow) in cavity. Abscess did not recur. 
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Discussion 


The rationale for using fibrinolytic agents to improve the 
results with percutaneous abscess drainage is apparent if 
the role of fibrin in the pathogenesis and evolution of an 
abscess, anecdotal cases reported in the literature, and the 
results of our in vitro study [7] are considered. Before defini- 
tive study of urokinase efficacy can be initiated, the safety of 
this treatment must be established. 

Fibrin has long been regarded as one of the primary host 
defense mechanisms in intraabdominal infections [8]. Leu- 
kocytes, which aggregate near a site of infection, release 
permeability factors such as histamine. These factors, in 
turn, lead to the exudation of fibrinogen and other proteins 
from surrounding blood vessels. Fibrinogen is converted to 
fibrin by tissue thromboplastin and helps to localize the 
spread of infection [9]. 

Under physiologic conditions, fibrin is lysed by plasmin, a 
protease derived from the enzyme precursor plasminogen. 
Studies have shown that fibrinolytic activity depends on 
plasminogen activators, such as urokinase, streptokinase, 
and tissue plasminogen activator [9]. 

The role of fibrin in abscess formation and the potential 
benefit of fibrinolytic agents is suggested by the results of 
several animal abscess models. Prinz et al. [10] showed that 
heparin administration prevented the formation of ab- 
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scesses. Rotstein and Kao (presented at the International 
Surgical Infectious Disease Congress, Hamburg, 1986) 
used the same model to show that tissue plasminogen acti- 
vator also prevented the formation of abscesses in the rat 
model. 

In addition to animal data, several clinical reports indi- 
cated that urokinase may improve the drainage of 
abscesses. Tillet et al. [11] treated chronic empyema with 
streptokinase-streptodornase. More recent reports [12, 13] 
support the use of fibrinolytics as an adjunct to the treatment 
of infected empyemas and hematomas. Berglin et al. [14] 
described the effectiveness and safety of streptokinase for 
treatment of empyema. They noted that streptokinase did 
not produce any complications or any adverse systemic 
effects. They found that serum coagulation factors were 
within normal limits except for a slight elevation of the fibrin 
split products, which quickly returned to normal after 24 hr. 
Moulton et al. [15] reported on the use of urokinase as an 
intrapleural agent in a similar group of patients. They found 
that intrapleural instillation of urokinase was safe and did not 
produce complications, adverse effects, or alterations of the 
serum coagulation factors. They did not, however, specify 
the types of coagulation factors measured. They stated that 
they thought that the urokinase treatment was effective, but 
they could not be certain because they did not have a con- 
trolled study. Vogelzang et al. [13] reported on the use of 
urokinase and streptokinase for the treatment of two infected 
hematomas. They claimed these fibrinolytic agents were 
effective and that there were no complications, but they did 
not specifically comment about the measurement of coagu- 
lation factors. Our study provides important data regarding 
the use of urokinase in abdominal abscesses not evaluated 
in other studies. 

The safety of intracavitary use of urokinase for routine 
abdominal and pelvic abscesses was confirmed by our 
study. No complications, side effects, or hemorrhage 
occurred in any of the patients, and no significant changes 
were observed in serum samples for any of the coagulation 
factors measured. The only change was an increase in the 
serum level of fibrin degradation products 24 hr after initia- 
tion of urokinase therapy; the importance of this finding is 
questionable because the change was not statistically 
significant. 

Analysis of the abscess fluids was especially enlightening. 
The concentrations of fibrinogen within the purulent material 
during the treatment period decreased. The amount of fibrin 
degradation products increased during the first 2 days of 
treatment and then returned to pretreatment levels (Fig. 1). 
One plausible explanation for these findings is that an 
abscess treated with intracavitary urokinase has an 
increased turnover of fibrin. Ongoing infection probably stim- 
ulates the conversion of fibrinogen to fibrin. Urokinase con- 
verts plasminogen to plasmin, which degrades fibrin and 
causes an increase in the fibrin split products. Although we 
had originally intended to. determine the level of plasmin in 
the abscess to confirm the enzymatic activity of urokinase in 
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this setting, we were unable to locate any clinical or com- 
mercial laboratory that does assays for plasmin. Because of 
the increased levels of fibrin split product and the reduced 
levels of fibrinogen in the abscess fluid shown in our study, 
we believe that one can conclude that urokinase and plas- 
minogen maintain their activity even in an abscess. 

in conclusion, this study suggests that intracavitary uroki- 
nase can be given safely without significant side effects or 
alterations in serum levels of coagulation factors. The results 
of the assays of abscess fluid suggest that fibrin is present in 
significant amounts within abscesses, and that urokinase 
increased the amount of fibrin split products; thus, the enzy- 
matic and chemical milieu of abscess fluid does not negate 
the enzymatic activity of urokinase or plasmin. Because our 
study lacks a control group, a carefully controlled prospec- 
tive study is warranted to determine the efficacy of intracavi- 
tary urokinase for improving the outcome of percutaneous 
abscess drainage. We are cautiously enthusiastic about the 
potential value of urokinase treatment as an adjunct to per- 
cutaneous drainage of abscesses. 
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Value of Having a Cytopathologist 
Present During Percutaneous 
Fine-Needle Aspiration Biopsy 

of Lung: Report of 55 Cancer Patients 
and Metaanalysis of the Literature 





OBJECTIVE. Percutaneous fine-needle aspiration biopsy is an accepted procedure 
for diagnosing intrathoracic malignant disease. The value of having a cytopathologist 
present during the procedure was studied with respect to the number of needle 
passes, the accuracy of the procedure, and complications. A metaanalysis was per- 
formed on the combined results of the present and previous series. 

SUBJECTS AND METHODS. We analyzed data from 55 adult patients who under- 
went percutaneous CT-guided fine-needle (22-gauge) aspiration biopsy of the lung 
for a lesion that either the biopsy or another subsequent invasive procedure showed 
to be nonlymphomatous and malignant. A cytopathologist was present for the first 25 
procedures and not present for the next 30 procedures. When present, the cyto- 
pathologist stained the aspirated material with toluidine blue and gave an immediate 
Opinion on the diagnostic adequacy of the specimen based on microscopic evalua- 
tion. If appropriate, the radiologist obtained additional biopsy specimens. When a 
cytopathologist was not present, the radiologist assessed the adequacy of the speci- 
men by gross examination. A metaanalysis was performed of 211 cases from the 
present study and two previous series with respect to the effect of the presence of a 
cytopathologist on the diagnostic accuracy of the procedure. 

RESULTS. Biopsy specimens showed cancer in 25 (100%) of 25 patients when 
obtained while the cytopathologist was present, and in 24 (80%) of 30 patients when 
obtained while the cytopathologist was absent (p < .05, Fisher exact test). No signifi- 
cant differences in the number of needle passes performed or in the frequency of 
pneumothorax when aerated lung was traversed were noted between the two groups. 
Although two previous studies showed nonsignificant trends toward increased accu- 
racy of thoracic fine-needle aspiration when a cytopathologist participated in the pro- 
cedure, metaanalysis revealed significantly increased accuracy when a 
cytopathologist was present (p < .02, Mantel-Haenszel y?-test). 

CONCLUSION. An accurate diagnosis from fine-needle aspiration biopsy of 
intrathoracic cancer was more likely when a cytopathologist was present than when 
not present during the procedure. 
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Fine-needle aspiration biopsy is well established as a method for assessing 
malignant intrathoracic disease [1-5], but the value of having a cytopathologist 
present when the procedure is performed remains controversial [3-6]. 

Because immediate cytologic assessment of a specimen can lead to a decision 
to perform another biopsy without delay, we studied the value of having a cyto- 
pathologist present during the biopsy with regard to the number of needle passes, 
accuracy, and complications. Using data from the present series and two previous 
comparable studies [3, 5], we also performed a metaanalysis (statistical analysis 
combining the results of more than one series [7]) of the association between the 
accuracy of the results of fine-needle aspiration biopsy of lung lesions and the 
presence or absence of a cytopathologist during the procedure. 
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Subjects and Methods 


From July 1987 through June 1991, we performed percutaneous 
CT-guided fine-needle aspiration biopsy of focal lung lesions in 100 
adult patients referred by an internist or surgeon for evaluation of a 
nodule or mass. Twenty-two (22%) patients with no biopsy evidence 
of cancer and a subsequent clinical course indicative of nonmalig- 
nant disease were excluded from further analysis. In eight patients, 
the biopsy procedure was not successful in obtaining tissue from 
the lesion; these patients were excluded from further analysis. In 
another eight patients, a cutting (Vim-Silverman) needle provided a 
core of tissue for histopathologic analysis; these patients also were 
excluded from further analysis. Seven of the patients were later 
shown to have a lymphoma; because lymphoma is a difficult cyto- 
logic diagnosis, these patients were excluded from further analysis. 
The remaining 55 patients constitute the cohort studied; in each of 
these patients, the diagnosis of cancer was proved either by the 
fine-needle aspiration biopsy (n = 49) or by another subsequent 
invasive procedure (n = 6). An unrevealing bronchoscopic examina- 
tion had been performed prior to referral in 26 (47%) of the 55 
patients. 

Each biopsy was performed by a resident or fellow and super- 
vised by a senior attending radiologist experienced in thoracic nee- 
dle biopsy procedures. The skills and experience of the operators 
were comparable throughout the period of study. The technique 
included CT documentation of placement of the needle in the lesion, 
usually near a margin, and aspiration into an empty 10-ml syringe 
while the needle was moved rapidly in and out over a distance of 
approximately 2-5 mm. The study did not include biopsies per- 
formed of mediastinal, pleural, or chest wall. lesions. 

An experienced attending cytopathologist was present for the first 
consecutive 25 biopsy procedures (covering the first 22 months of 
the study, 45% of 55 subjects) and not present for the remaining 30 
procedures (covering the next 26 months of study, 55% of the 55 
subjects). The age (mean + SD) of the patients was 66 + 13 years 
(range, 38-88) for the combined groups (55 patients), 65 + 12 for 
the first 25 procedures and 67 + 13 for the remaining 30 procedures. 
Twenty-eight (51%) of the patients were men and 27 (49%) were 
women (13 men and 12 women for the first 25 procedures, 15 men 
and 15 women for the remaining 30 procedures). 

Diagnoses for the first 25 patients (cytopathologist present) were 
non-small-cell carcinoma (n = 17), adenocarcinoma (n = 2), squa- 
mous carcinoma (n = 2), metastatic renal cell carcinoma (n = 2), 
malignant fibrous histiocytoma (n = 1), and large-cell carcinoma (n = 
1). Mean diameter of these 25 lesions was 4.6 +: 2.9 cm. Diagnoses 
for the next 30 patients (cytopathologist not present) were non— 
small-cell carcinoma (n = 17), adenocarcinoma (n = 9), squamous 
carcinoma (n = 3), and metastatic hepatoma (n = 1). The mean 
diameter of these 30 lesions was 3.6 + 1.6 cm (no significant differ- 
ence from previous group, unpaired t-test). 

When present, the cytopathologist brought a light microscope on 
a mobile cart to the CT suite, stained the aspirated material with 
toluidine blue [8], and gave an opinion within about a minute on the 
diagnostic adequacy (quantity and quality of material sufficient for 
diagnosis) of the specimen. If appropriate, additional specimens 
were obtained until the pathologist accepted the material as ade- 
quate. When the pathologist was not present, the radiologists 
assessed the adequacy (fragments of tissue evident visually) of 
each specimen by gross examination, placed the specimen in nor- 
mal saline solution, and promptly delivered the material in person to 
the cytology laboratory for analysis. 

The presence of pneumothorax as a complication of fine-needle 
aspiration biopsy was assessed by evaluation of CT images, 
obtained both during and immediately after the biopsy. We also 
recorded whether the needle traversed aerated lung to enter the 
target lesion or passed through the chest wall directly into the 
lesion. The number of needle passes was also noted for each 
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patient. When pneumothorax developed, the course of its manage- 
ment also was noted. The development of pneumothorax (in six 
[11%] of the 55 patients) did not affect decisions concerning possi- 
ble rebiopsy for any of these patients. 

We used the yĉ-test of Mantel and Haenszel [9] to perform a 
metaanalysis combining data from two previously published series 
[3, 5] and the data of our series. This test is a variant of y ° analysis 
that assesses comparable two-by-two tables from multiple series, 
yielding an overall probability value. A p value less than .05 was 
considered statistically significant. 


Results 


Material from 25 (100%) of the first 25 patients (cyto- 
pathologist present during biopsy) showed cytologic evi- 
dence of cancer. Material from 24 (80%) of the remaining 30 
patients (cytopathologist not present during biopsy) showed 
cytologic evidence of cancer. These results were signifi- 
cantly different (p = .027, Fisher exact test, two-tailed). Over- 
all, the accuracy of the total series was 89% (49 of 55 
patients). However, each of the six examinations (11%) in 
which the biopsy findings were false-negative was in the 
cohort of 30 procedures in which a cytopathologist was not 
present during biopsy. No false-positive diagnoses of cancer 
were made. 

The number of needle passes for the first 25 patients 
(cytopathologist present) was a median of one and a mean 
of 1.7 + 0.9 (one pass, 13 cases; two passes, seven cases; 
three passes, four cases; four passes, one case). The num- 
ber of needle passes for the remaining 30 patients (cyto- 
pathologist not present) was a median of one and a mean of 
1.3 + 0.5 (one pass: n = 20, two passes, n = 10). Although 
five (20%) of the first 25 patients and none of the remaining 
30 patients underwent three or four needle passes, the num- 
ber of needie passes was not statistically significantly differ- 
ent between the two groups (Wilcoxon rank sum test, p = 
.12). In the cohort of six patients with false-negative needle 
biopsies, five of the patients had a single needle pass and 
one of the patients had two needle passes. 

in four (16%) of the first 25 patients (cytopathologist 
present), pneumothorax developed. Pneumothorax devel- 
oped in two (7%) of the remaining 30 patients (cytopatholo- 
gist not present). The difference between the rates of 
pneumothorax in each of these two groups was statistically 
significant (p = .04, Fisher exact test, two-tailed). However, 
pneumothorax developed only in patients in whom the 
needle passed through aerated lung [10]. If only these 
patients are considered (nine in the first 25 and 18 in the 
second 30), the rate of pneumothorax was not significantly 
different between the two groups. Pneumothorax developed 
in four (44%) of the nine patients from the first group and in 
two (11%) of the 18 patients from the second group (p = .14, 
Fisher exact test, two-tailed). The nine patients from the first 
group had a median of two and a mean of 2.1 + 1.1 needle 
passes; the 18 patients in the second group had a median of 
one and a mean of 1.2 + 0.4 needle passes (p = .029, 
unpaired t-test). None of the six patients in whom a pneu- 
mothorax developed required a chest tube. 

Metaanalysis of the data from our series combined with 
comparable data of two previous series (Table 1) yielded a 
Mantel-Haenszel y? value of 6.22 (p = .013). This result 
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indicates that the pooled data of these three series show 
that having a cytopathologist present during fine-needle 
aspiration biopsy was associated with a statistically signifi- 
cant increase in diagnostic accuracy compared with those 
procedures performed when a cytopathologist was not 
present. 


Discussion 


The major finding in this study was that having a cyto- 
pathologist present during thoracic fine-needle aspiration 
biopsy was associated with significantly greater accuracy in 
diagnosis (p < .05) than not having a cytopathologist 
present. Moreover, this result applies not only to the data of 
our series but also to the combination of series we used for 
metaanalysis. In particular, the only two previous reports 
that, to our knowledge, have addressed this question [3, 5] 
each showed trends toward the same result, but the data 
were not statistically significant (Table 1). However, 
metaanalysis of the data of ail three series actually lowered 
the probability value for accuracy of diagnosis (p = .013) 
compared with that of our series alone (p = .027). The com- 
bined data of all three series make up a study of a total of 
211 biopsy procedures. 

Some authors [1, 6] recommend routinely using more than 
one needle pass for fine-needle aspiration biopsy, although 
not all do so [2]. By design, our study does not answer this 
question, but the limited data (five false-negative results 
associated with one needle pass each, one false-negative 
result associated with two passes) lend modest support to 
the practice. On the other hand, having a cytopathologist 
present during a biopsy has been advocated as a way to 
decrease the total number of needle passes and therefore 
the rate of pneumothorax [4]. In our study, when a cyto- 
pathologist was not present, no further passes were 
obtained whenever gross inspection of aspirated material 
suggested that the material contained fragments of tissue. 
With this approach, the rate of pneumothorax was low (7%) 
but the rate of false-negative results was higher (20%) than 
when a cytopathologist was present (0%). Our data suggest 


TABLE 1: Accuracy of Results of Thoracic Fine-Needlie 
Aspiration Biopsy Performed with and Without a 
Cytopathologist Present in 211 Cases 














Biopsy Results with Biopsy Results with 
Seri Cytopathologist Cytopathologist 
enes Present not Present 
Accurate Inaccurate Accurate Inaccurate pValue 
Pak 
et al. [3] 36 1 13 2 .203 
Miller 
et al. [5] 48 4 44 8 .35° 
Present 
series 25 0 24 6 .027° 





Note.—Data represent number of patients undergoing biopsy. p Value = 
probability value for comparison of accuracy of results for biopsies performed 
with and without a cytopathologist present during the procedure. 

a2 

7° -test. 
5Fisher exact test, two-tailed. 


PRESENCE OF CYTOPATHOLOGIST DURING LUNG ASPIRATION 177 


that only with a cytopathologist present can determination of 
adequacy of the specimen be assured. 

Our data also confirm prior observations that the risk of 
pneumothorax rises as the number of needle passes 
increases [4, 5, 10], provided that the needle tract traverses 
aerated lung [10]. 

The overall rate of pneumothorax in the present study 
(11% of 55 patients) is lower than the rates of 21-34% 
reported in major series [1, 2, 4, 5, 11]. In part, this finding is 
biased because our study included 28 patients with pulmo- 
nary lesions adjacent to the chest wall. Careful positioning of 
the needle under CT guidance directed the needle into the 
lesion in each of these 28 patients without traversal of aer- 
ated lung. Pneumothorax developed in none of these sub- 
jects [10]. In the remaining 27 subjects (needle traversing 
aerated lung), the overall likelihood of pneumothorax was 
22% (i.e., in the expected range for this complication). 

Having a cytopathologist present during biopsy offers pos- 
sibilities for immediate decisions concerning triage of speci- 
mens for ancillary studies [2, 6, 8]. For example, immu- 
nochemical studies [12], electron microscopy, and culture for 
microorganisms require specific methods for proper prepa- 
ration of tissue for analysis. When a pathologist is available 
to evaluate freshly obtained biopsy material, circumstances 
are appropriate for optimal decisions concerning disposition 
of the material obtained, as well as decisions concerning the 
desirability of obtaining more material. 
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Pictorial Essay 


Devices for Transcatheter Closure of Intracardiac Defects 


Valerie S. Mandell,! Katherine Nimkin, +? Fredric A. Hoffer,! and Nancy D. Bridges®4 


Transcatheter closure of intracardiac defects is an investiga- 
tional procedure that is in use at a number of centers in North 
America and Europe. A radiologist should be able to recognize 
these devices on a chest radiograph, understand their actual 
physical appearance, and be able to recognize their expected 
location. This essay summarizes the indications for, technical 
aspects of, and radiologic appearance of these devices. 


Devices and Techniques 


In 1987, Rashkind et al. [1] described a “double umbrella” 
occlusion device (Rashkind PDA Occluder System, USCI- 
C. R. Bard, Billerica, MA) that can be inserted transvenously 
through an 8-French sheath to close a patent ductus arterio- 
sus. The Rashkind device consists of two polyurethane disks 
mounted on opposing three- or four-arm spine assemblies 
resembling two umbrellas (Fig. 1). This device is available in 
12- and 17-mm disk sizes. In 1989, Lock et al. [2] described 
a modified double-umbrella device that could be introduced 
through an 11-French sheath (Bard Clamshell Septal 
Umbrella, USCI-C. R. Bard). This device has been used 
successfully to close congenital atrial and ventricular septal 
defects, as well as a variety of other intracardiac communi- 
cations [2, 3]. The Lock clamshell device, available in five 
sizes from 17 to 40 mm, has an extra hinge in each arm that 
folds its Dacron square patch back on itself for better apposi- 
tion to a septal surface (Fig. 1). The double hinge resembies 
a closed shell. 

The size and location of the cardiac defect is assessed 
first by echocardiography. At catheterization, contrast 


medium is injected initially to show the communication that 
must be closed. After the defect has been crossed by 
guidewire and catheter, usually by a transvenous approach, 
sizing is accomplished by pulling an inflated balloon of 
increasing diameter across the defect until a snug fit is 
achieved. The delivery sheath is introduced, and the device, 
mounted on its delivery shaft, is inserted into the sheath. The 
sheath is withdrawn to expose the distal arms first, allowing 
them to expand. If positioning is satisfactory, the sheath is 
further withdrawn, opening the proximal arms on the other 
side of the defect, and the device is released. 

After placement of the device, contrast material is injected 
again to assess the adequacy of the closure and the final 
position of the device. A portable chest radiograph is 
obtained to check that the position is stable. Radiographs 
are obtained at various intervals during long-term follow-up. 


Specific Clinical Applications 


Patent ductus arteriosus was the first cardiac defect 
closed by transcatheter technique. In a continuing investiga- 
tional protocol, approximately 700 of these defects have 
been closed at various centers in North America, with an 
additional 2000 in Europe. In our hospital, most have been 
closed by using the Rashkind device (Figs. 2 and 3), 
although larger defects have been closed successfully by 
using the clamshell device. 

The new clamshell device is designed to cover a septal 
defect with a closely adherent Dacron shield that eventually 
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Fig. 1.—A and B, Photograph (A) and radiograph (B) of devices for transcatheter closure of intracardiac defects. Frontal (top /eff) and lateral (bot- 
tom left) views of 12-mm Rashkind ductus closure device (17-mm device has four arms and is not pictured). Frontal view (top righf) of 28-mm Lock 
clamshell device shows offset Dacron squares and hinged arms. Side views show device as it would appear in atrial septum (bottom middle) and in 


ventricular septum (bottom right). 














A . B 


Fig. 2.—Transcatheter technique for closure of patent ductus arteriosus. 








C 


A, Diagram of procedures. Device is released from transvenous sheath by exposing aortic arms first (top). Bottom diagram shows position of open 


device after release. 


B and C, Lateral aortograms show long ductus arteriosus with prominent aortic diverticulum before (B) and after (C) closure of ductus arteriosus 


with 12-mm device. Note occlusion of ductus arteriosus after closure. 


becomes completely endothelialized. At our hospital and at 
other centers in North America, approximately 300 patients 
have had a clamshell device placed to close an atrial septal 
defect. The delivery and placement techniques are similar to 
those used for the patent ductus arteriosus (Fig. 4). 

For certain postoperative residual ventricular septal 
defects and for defects in the muscular septum, which might 
require left ventriculotomy for repair, transcatheter closure is 
a useful alternative to surgery (Fig. 5). In patients with com- 
plex anatomy, this technique has been combined with sub- 
sequent staged surgical repair [4]. Placement of multiple 


devices has made “septal reconstruction” possible in 
selected cases (Fig. 6). 

Modified Fontan repair is used to separate the venous and 
arterial circulations in children who cannot have a two-ventri- 
cle repair. The clamshell device is used for postoperative 
closure of a surgically created (temporary) fenestra in the 
atrial baffle [5]. Figure 7 shows the appearance of a “fenes- 
trated Fontan” on angiograms and radiographs before and 
after transcatheter closure of the fenestra. 

Transcatheter devices, either the Rashkind umbrella or 
the Lock clamshell, have been used to close a variety of 
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Fig. 3.—Transcatheter closure of patent 
ductus arteriosus. 

A and B, Frontal (A) and lateral (B) chest 
radiographs show position of 17-mm device 
(arrows) used for transcatheter closure of 
patent ductus arteriosus. 

















D E 


Fig. 4.—Transcatheter technique for closure of atrial septal defect. 

A, Diagram of procedure. Balloon catheter is used in choosing device size (top). Device is delivered via transvenous sheath. Arms are first released 
on left atrial side (bottom). Further withdrawal of sheath releases right atrial arms in position across septum. 

B, Cineangiogram shows left atrial injection in a left anterior oblique view with cranial angulation. Note left-to-right atrial shunt (arrow). 

C, Cineangiogram of levophase of right atrial injections shows complete closure of atrial defect by clamshell device. 

Dand E, Frontal (D) and lateral (E) chest radiographs show position of device (arrows) in atrial septum. 
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Fig. 5.—Transcatheter technique for closure 
of muscular ventricular septal defect. 

A, Diagram of procedure. Defect is 
approached by a transvenous route, across 
atrial septum and through mitral valve, and is 
probed from smooth left ventricular side. Then 
defect is crossed and balloon-sized, (see text). 
Guidewire is snared from a superior vena caval 
approach (top). Sheath is introduced from 
superior vena cava, and clamshell device is 
delivered and released in position across ven- 
tricular defect (bottom). 

B, Cineangiogram in oblique projection 
shows an apical ventricular septal defect (/arge 
arrow) in a patient with corrected transposition. 
(Undelivered clamshell closure device [small 
arrow}, still in its package, is on patient’s chest 
as a reference for size.) 

C, Left ventriculogram shows closure of api- 
cal ventricular septal defect. Note extended 
position of arms of device (arrow) due to thick- 
ness of ventricular septum. 

D, Chest radiograph shows apical position of 
device (arrow) in ventricular septum. 














A B C 


Fig. 6.—Infant with transposition of great arteries and multiple defects in muscular ventricular septum. 

A, Cine left ventriculogram in right anterior oblique projection shows transposition and defects before placement of closure device. 

B, Cine right ventriculogram in right anterior oblique projection obtained after three clamshell devices were placed in three separate procedures. 
Muscular septum was effectively reconstructed before subsequently successful arterial switch procedure. 

C, Frontal chest radiograph shows locations of devices. 

A = aorta, P = pulmonary artery. 
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Fig. 7.—Fenestrated Fontan baffles. 

A, Cineangiogram in frontal projection 
shows injection into a modified Fontan baffle. 
Surgeon has left a small fenestra (arrow), 
which allows right-to-left shunting in early 
postoperative period. 

B, Cineangiogram in right anterior oblique 
projection shows closure of baffle fenestra 
with a 17-mm clamshell device (arrow). 

C and D, Frontal (C) and lateral (D) chest 
radiographs show location of device (arrows). 





A 





Fig. 8.—Closure of fistula in coronary artery. 


Fig. 9.—Cineradiograph shows location of 
A, Angiogram obtained after retrograde injection of contrast material through balloon catheter dislodged Rashkind device (arrow) immediately 
into left coronary artery shows fistula (arrow) between coronary artery and right ventricle (RV). after placement into a large, patent ductus arte- 

B, Coronary angiogram shows Rashkind device (arrow) occluding fistulous connection and riosus. Device was snared by using a stone 


enhancing filling of normal branches of left coronary artery. basket and retrieved percutaneously from femo- 


ral vein. Larger clamshell device was success- 
fully placed. 
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Fig. 10.—Patient with a Mustard atrial baffle for transposition. 


A, Frontal chest radiograph shows device (arrow) closing residual atrial defect. 
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Fig. 11.—Magnified view of lateral chest 
radiograph shows clamshell device in correct 


location after closure of atrial septal defect. 
Note two overlapping arms (arrows), indicating 
fracture at two hinge points. 


B, Portable chest radiograph obtained day after transvenous placement of pacemaker shows 
that device had been dislodged, presumably due to wire manipulation, into right-sided pulmonary 
venous atrium and then via right ventricle into aortic arch, where it lodged (arrow). Device was 
retrieved by using a stone basket and was removed from femoral artery via cutdown. 


other abnormal intracardiac communications, including per- 
sistent communication between the superior vena cava and 
the right atrium after Glenn operation, aortic paravalvular 
leak, and coronary artery fistula (Fig. 8). 


Complications 


Embolization of the device at the time of placement, usu- 
ally due to underestimation of the defect’s size, can occur 
(Fig. 9). The device can be retrieved by using techniques for 
transcatheter removal of a foreign body; rarely, cutdown is 
required for removal of the device at the skin site. In a few 
instances, embolization has occurred after the patient has 
left the catheterization laboratory and has been recognized 
when radiographs obtained after placement show a change 
in the device’s location (Fig. 10). We know of no instance in 
which the device has migrated after the patient’s discharge 
from the hospital. 

Follow-up radiographs after clamshell placement to close 
atrial and ventricular septal defects have shown that late 
fracture of one or more arms, especially with the larger clam- 
shell devices (Fig. 11), is not rare. To date, no clinical 


sequelae related to the fractures have been identified, pre- 
sumably because the fractures have occurred after substan- 
tial endothelialization. Use of the device for elective closure 
of atrial septal defects is being deferred while the design is 
being modified; however, the present device is still being 
implanted in Fontan baffles, muscular ventricular septal 
defects, and postoperative residual defects. 


REFERENCES 


1. Rashkind WJ, Mullins CE, Hellenbrand WE, Tait MA. Nonsurgical closure 
of patent ductus arteriosus: clinical application of the Rashkind PDA 
Occluder System. Circulation 1987;75:583-592 

2. Lock JE, Rome JJ, Davis R, et al. Transcatheter closure of atrial septal 
defects. Circulation 1989;79:1091—1099 

3. Lock JE, Block PC, McKay RG, Baim DS, Keane JF. Transcatheter clo- 
sure of ventricular septal defects. Circulation 1988;78:361-368 

4. Bridges ND, Perry SB, Keane JF, et al. Preoperative transcatheter closure 
of congenital muscular ventricular septal defects. N Engl J Med 1991; 
324:1312-1317 

5. Bridges ND, Lock JE, Castaneda AR. Baffle fenestration with subsequent 
transcatheter closure: modification of the Fontan operation for patients at 
increased risk. Circulation 1990;82:1681—1689 


185 


Computers in Radiology 


An Automated Radiology Reporting System That Uses 


HyperCard 


David A. Bluemke! and John Eng 


SCRIBE is an automated radiology reporting system that 
uses the HyperCard environment on Macintosh computers. 
Radiologic findings and anatomic terms are presented in 
graphic form, and the appropriate terms are selected by using 
a trackball or touch-sensitive video screen. Additional lists of 
more specific terms and differential diagnoses can be 
requested by the user for abnormal findings. The system is 
suited to the reporting of plain films and is being used in the 
emergency room of a large academic radiology department. 
Advantages of the system include low cost, operational famil- 
iarity to Macintosh users, and elimination of transcription 
costs. Finished reports are immediately available in both 
printed and electronic forms. 


In traditional radiology film reporting, the radiologist uses 
dictation equipment to record a report, which is then typed 
by a transcriptionist. Reports are later returned to the radiol- 
ogist for correction and signature, either in printed or elec- 
tronic form. Preprogrammed reports and codes, known as 
“macros” [1], can decrease transcription time and cost, but a 
typist is still involved. Several approaches to automating 
radiology film reporting have been described [2]. These sys- 
tems attempt to eliminate the transcriptionist in one of two 
ways: (1) direct radiologist interaction with a computer sys- 
tem or (2) indirect interaction through the use of coded forms 
or bar codes that can be read by a computer [3]. 

An automated system for plain film reporting, the Siemens 
SIREP system, has been used successfully at The Johns 
Hopkins Hospital since the early 1970s [4]. With SIREP, the 
radiologist constructs a report by choosing appropriate 
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words and phrases from lists of standard terms presented 
graphically on a touch-activated screen. For experienced 
users and noncomplex reports, reporting speeds may be up 
to 80-95% of dictation speed [4]. Although the system is still 
in use at Johns Hopkins, the high cost of each workstation 
resulted in limited distribution of the unit. 

In this report, we describe an automated reporting system 
that operates on a Macintosh computer. Advantages of this 
system include low cost with installation on widely available 
microcomputers, high system reliability, and easy customiza- 
tion of the user display. In addition, we compare a touch-sen- 
sitive screen with a trackball as user input devices. 


Materials and Methods 
System Design 


The Apple Macintosh microcomputer (Apple Computer, Inc., 
Cupertino, CA) was chosen as the platform for software develop- 
ment because of its graphics-oriented user interface. System hard- 
ware consists of either the Macintosh Ilsi or Ilci model with 5.0 
megabytes of random access memory (RAM), an internal 80-mega- 
byte hard disk drive, and a 19-in. monitor with interface card (model 
1960 color Trinitron display and 8XLi display board, RasterOps 
Corp., Santa Clara, CA). Input devices include a trackball (Kensing- 
ton Microware, Ltd., San Mateo, CA) and a MouseTouch touch-sen- 
sitive screen (Information Strategies, Inc., Richardson, TX). 

The software program, named SCRIBE, was written in the Hyper- 
Card scripting language (HyperCard version 2.1, Claris Corp., Santa 
Clara, CA). To increase program execution speed, several functions 
were written in Pascal (THINK Pascal, Symantec Corp., Cupertino, 
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CA) as HyperCard extensions (XCMDs). Pascal also was used to in Figure 1. Terms in the central display area are further divided into 
write routines that interact with our hospital-wide radiology informa- two types: abnormal findings (e.g., “fracture”) and anatomic descrip- 
tion system to request information on patients and upload com- tors (e.g., “medial malleolus”). Anatomic terms are frequently dis- 
pleted reports. SCRIBE contains routines supporting a standard played with a graphic representation. General words and phrases 
Health Level Seven (HL7) interface as well as standard serial com- potentially useful for all types of examinations are positioned around 
munications with mainframe computers. The SCRIBE HyperCard the periphery of the display. The user can activate buttons in the top 
stack is 1.5 megabytes in size and contains approximately 4000 two rows of the screen to move between different main frames. The 
lines of program code. response time is the time between the user activating a screen “but- 

The minimum system requirements for operating the program ton” and the computer completing the action. For selecting radio- 
include a Macintosh computer with at least 4.0 megabytes of avail- logic terms, the response time is approximately 0.45 sec on the 
able RAM, a 1024 x 768 pixel monochrome display monitor, a track- Macintosh llci unit in 1-bit mode. The response time to move 
ball or mouse, HyperCard 2.1 software, a hard disk drive, and a between different main frames is approximately 0.72 sec. 


printer. The cost of a basic system (Macintosh Ilsi, monochrome 
monitor, trackball, dot-matrix printer) is approximately $3500. A 


touch screen is optional and costs approximately $1000. Operation 
The SCRIBE software was written to emulate the appearance 
and operation of the SIREP [2, 4] reporting system. The SCRIBE System operation begins with the radiologist selecting his or her 
system contains 55 different displays, or “frames.” Of the 55 frames, name from a list of authorized users in the department. At our hospi- 
27 consist of “main” display frames, and the remaining frames con- tal, the radiologist then enters a four-digit accession number for the 
tain less common terms and more specific differential diagnoses radiologic examination. An information “header” corresponding to 
related to radiologic findings on the main frames. the accession number is downloaded to the SCRIBE software from 
The central portion of the display, outlined by a heavy black box, the radiology information system. Header information typically con- 
consists of a 12 x 12 array of terms and phrases that describe radio- sists of the patient's name, history number, age, race, and sex, and 
logic findings for a specific type of plain film, as shown for the ankle a code for the type of radiologic examination. On the basis of the 
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Fig. 1.—Main display frame for the ankle. Terminology specific to ankle is contained within central heavy black-outlined box. General descriptive 
terminology is grouped around periphery of display. Report is displayed in lower left corner. 
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type of examination, the SCRIBE program selects a main frame 
containing appropriate terminology. 

The radiologist touches the display screen or operates the track- 
ball to select the appropriate terms. As each item on the display is 
selected, feedback is provided to the user by flashing the active 
screen position and sounding a “beep.” A keyboard with cursor con- 
trol is provided for editing and for typing terms that are not listed on 
the display. When the “End Exam” button is activated, the report is 
saved to the Macintosh hard disk. A copy of the report is printed and 
uploaded to the radiology information system. Reports can be desig- 
nated as preliminary when they are generated by residents and can 
be recalled from the hard disk at a later time if editing is needed. 


Results 


Report generation times with the SCRIBE system were 
evaluated with a touch screen and a trackball as pointing 
devices for selecting screen items. Seven radiologists were 
given five printed reports and asked to enter them by using 
both pointing devices. The average length of a report was 
eight lines, containing five words per line. Reporting times 
for different users ranged from 76 to 115 sec per report. The 
mean reporting time was 94 sec for the touch screen and 99 
sec for the trackball, but the difference was not statistically 
significant. The average time required for dictation was 
approximately 40 sec, not including the transcriptionist’s 
time or the radiologist’s verification time. 

The SCRIBE system was installed in the emergency 
department of our hospital as a backup system to other 
methods of reporting. Radiology residents were requested to 
use the system at their discretion. During a 4-month test 
period, approximately 1600 reports were generated with the 
use of SCRIBE out of approximately 8000 total emergency 
department radiology reports. Users who were familiar with 
the SIREP system required only four or five reports on the 
SCRIBE system before becoming familiar with its operation. 
In general, we estimate that users new to either system 
require 5-10 hr of use to learn the SCRIBE system. 


Discussion 


The SCRIBE reporting system is an alternative to dictating 
radiology reports. A major benefit of the system is that 
printed reports are available immediately after each film is 
interpreted. Accuracy in report generation is improved 
because proofreading is integral to the creation of the report. 
Preliminary results show good acceptance of the SCRIBE 
system by our radiologists. Except for improved report edit- 
ing capabilities with the SCRIBE system, users found the 
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human interface of the Macintosh-based system to be very 
similar to that of the SIREP system. A high degree of user 
acceptance has been the result of involvement of radiolo- 
gists in software design, seeking to minimize changes in 
existing reporting patterns. 

One important drawback to the SCRIBE system is that it 
requires more of the radiologist’s time than dictation would. 
Because this problem is most pronounced with the reporting 
of complex cases, automated reporting in our department is 
not used for films of patients in the intensive care unit or for 
complicated orthopedic descriptions. Another disadvantage 
of the SCRIBE system is that the radiologist must look away 
from the film, often repeatedly, while generating the report. If 
time were instead spent looking at the film, it is possible that 
fewer findings would be missed. The implementation of 
voice-recognition technology [5] could help to solve this 
problem, and we believe that the concise format of SCRIBE 
reporting would be an excellent base to which this capability 
could be added. However, current voice-recognition systems 
also require a significant amount of time looking away from 
the film to verify the correctness of the voice recognition. The 
accuracy of voice-recognition technology is also limited by 
noisy environments, such as a busy emergency department. 

The SCRIBE system is particularly suited to the academic 
radiology environment. Preliminary reports generated by 
residents are immediately accessible to clinical colleagues 
and can be reviewed later by attending radiologists along- 
side the films. Although some radiologists and referring clini- 
cians may find the concise, telegraphic wording of SCRIBE 
reports too restrictive, the system does promote a uniform 
reporting style among different users. This is a practical ben- 
efit in departments such as ours, where 30 to 40 attending 
radiologists, fellows, and residents interpret plain films. 
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Book Review 


The Year Book of Ultrasound 1991. Edited by Christopher R. B. Merritt, Barbara A. Carroll, Carol A. 
Mittelstaedt, and David A. Nyberg. St. Louis: Mosby—Year Book, 311 pp., 1991. $57.95 


The 1991 edition of The Year Book of Ultrasound is a new addi- 
tion to the Mosby—Year Book series of literature reviews. It follows 
the standard format for such collections and shares with similar 
review the limitations of publication delay and variable quality of 
summaries and commentaries written by several different authors. 
All the articles included were published in 1990. Approximately 60% 
of the reviewed papers were originally published in Radiology, AJR, 
or Journal of Ultrasound in Medicine, although papers from several 
less widely circulated journals in the diagnostic radiology literature 
and from major journals in the fields of obstetrics and gynecology 
and surgery are also included. The book is divided into nine sec- 
tions: obstetric and gynecologic, abdominal, genitourinary, vascular, 
pediatric, thyroid and parathyroid, and musculoskeletal sonography; 
miscellaneous topics; and physics and instrumentation. The obstet- 
rics and gynecology section was written by David Nyberg; the 
abdominal, genitourinary, neck, and musculoskeletal sections, by 
Carol Mittelstaedt; the vascular and miscellaneous sections, by 
Barbara Carroll; and the pediatrics and physics sections, by C. R. B. 
Merritt. 

Throughout the book, the number of reproduced illustrations is 
generous, and their quality is good to excellent. The reviews are 
generally clear, concise, and reasonably complete. The variations in 
quality lie chiefly in the value of the editorial comments that follow 


each review. In the obstetric and gynecologic and vascular sections, 
these comments provide helpful critical evaluation of the signifi- 
cance of each paper’s contribution to the existing body of sono- 
graphic knowledge and include appropriate references directing 
interested readers to relevant background or alternative information. 
In the abdominal, genitourinary, pediatric, and miscellaneous sec- 
tions, the editor’s comments rarely exceed a few sentences advising 
the reader to be aware of the described clinical application; these 
sections are sparsely if at all referenced. 

It seems probable that most readers who have an active interest 
in new developments in sonography will already have access to the 
major journals reviewed in this collection. | doubt that the abbrevi- 
ated versions of papers from Radiology, AJR, and Journal of Ultra- 
sound in Medicine will be of sufficiently compelling interest to move 
many readers to a complete study of this book, particularly as the 
summarized articles have been in print now for 2 years. The text 
cannot be considered timely. | doubt that many readers would con- 
sider the purchase price of $57.95 or the time invested in studying 
and evaluating the majority of reviews in this book well spent. 


Barbara E. Demas 
Kaiser Foundation Hospital 
Redwood City, CA 94063 
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Perspective 


Early History of Diagnostic Ultrasound: The Role of 


American Radiologists 


Barry B. Goldberg, ' Raymond Gramiak,? and Atis K. Freimanis® 


First Step into the Unknown 


In the late 1940s, after World War Il, a few scattered 
enthusiasts recognized the potential of ultrasonic energy to 
provide information that could be useful in medical diagno- 
sis. The efforts of these innovators resulted in new concepts 
and in unique early images that motivated both the manufac- 
turers of instruments and the clinical pioneers to begin to 
establish meaningful clinical applications for this new phe- 
nomenon. The early successes of these individuals created 
a momentum that encouraged additional users and provided 
a firm foothold and broadened horizons for this emerging 
technology. This article examines the highlights of this era as 
it unfolds up to the late 1960s with emphasis on the contribu- 
tions of American radiologists. 

The earliest pioneers in the United States included three 
physicians, John Wild, a surgeon, George Ludwig, an inter- 
nist, and Douglas Howry, a radiologist [1-6]. Of this group, 
Douglas Howry had the greatest influence on the other pio- 
neers in radiology. In the late 1940s he left a formal resi- 
dency program at Denver Veterans Administration Hospital 
to devote more time to ultrasound research. Working in his 
basement with engineers William Roderick Bliss and George 
Posakony, Howry pursued his goal of using ultrasound to 
produce accurate anatomic pictures of soft-tissue structures. 

In 1949 Howry and coworkers used surplus radio and Air 
Force radar parts to build a pulse-echo ultrasonic scanner 
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capable of making two-dimensional images. In 1950, using a 
35-mm camera, Howry recorded the first cross-sectional 
images with ultrasound. However, since only a simple scan- 
ning motion was used, without compound sector scanning, 
the completeness of the anatomic image was not as great 
because interfaces not perpendicular to the beam could not 
be recorded. Subsequent instruments were able to correct 
this initial limitation. 


Developing a Clinically Usable Scanner 


In 1951 Joseph Holmes, a nephrologist at Denver Veter- 
ans Administration Hospital, where Howry was a resident, 
became associated with Howry and obtained the institutional 
support needed for the project to proceed. As a result, space 
was obtained along with a grant. In 1951 Howry and his 
engineers Bliss and Posakony developed a two-dimensional 
compound ultrasound scanner. They incorporated an immer- 
sion tank by using a cattle-watering container with an ultra- 
sonic transducer mounted on a wooden rail [7]. The 
transducer, immersed in the tank with the object under study, 
moved horizontally along the rail [7] (Fig. 1). This method 
allowed the use of a large transducer (better sensitivity) that 
could be held away from the patient. The greater distance 
between the transducer and the patient allowed for better 
focusing of the ultrasound beam. As a result, the images 
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Fig. 1.—Colorado group’s earliest successful immersion tank system: 
the cattle-tank scanner. Transducer, which cannot be seen on this image 
owing to its submersion in the water bath, was mounted on a wooden rail 
that ran along outside of tank, which was a watering tank for livestock 
readily available in the Denver area. Note that, as mounted, the 
transducer could not completely circle the patient being imaged. 
(Reprinted with permission from Medical Diagnostic Ultrasound: A 
Retrospective on Its 40th Anniversary.) 


obtained with the water-bath method were better than those 
acquired with the early contact scanners. The first paper on 
this new development was published in 1952 [5]. 

A later version, introduced in 1954, included a transducer 
mounted on a rotating ring gear from a B-29 gun turret, 
which in turn was mounted around the rim of a large metal 
cup that served as the immersion tank [7]. This permitted 
complete horizontal circling of the periphery of the tank while 
a second motor produced a sectoring motion as the trans- 
ducer was moved around the tank, producing a compound 
scanning image of the immersed subject [7] (Fig. 2). 
Because ill patients could not reasonably be immersed for 
the long periods that were required for scanning [7], this led 
to the development, in the late 1950s, of a scanner in which 
the transducer carriage rotated on a semicircular water-filled 
pan that was strapped to the patient’s body in order to 
eliminate the need for total immersion [7, 8] (Fig. 3). 


Clinical Pioneers 


Howry and coworkers recognized the inherent problems 
with these water-bath coupling systems. In the early 1960s, 
with collaboration from engineers William Wright and 


AJR:160, January 1993 





Fig. 2.—Ultrasonic image of human leg produced by compound 
scanning with the cattle-tank scanner. Leg was placed inside tank, 
transducer moved in a horizontal path around leg, and a motor provided 
a second back-and-forth motion of the transducer. (Reprinted with 
permission from Medical Diagnostic Ultrasound: A Retrospective on Its 
40th Anniversary.) 





Fig. 3.—Howry team’s “pan scanner,” developed about 1957-1958. 
Patient sat in a modified dental chair and was strapped against plastic 
window of a semicircular pan filled with a saline solution. Transducer 
rotated through the solution in a semicircular arc around the patient. A 
great many clinical scans were performed with this scanner, which was 
more appropriate for use on patients than earlier total immersion 
scanners were. (Reprinted with permission from Medical Diagnostic 
Ultrasound: A Retrospective on Its 40th Anniversary.) 
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Edward Meyer, the group developed a direct contact 
scanner. The transducer, mounted within a scanning head, 
could be positioned by the operator [7]. 

In 1961, engineers Wright and Meyer left this project to 
form Physionics Engineering, Inc., and, by 1962, they had 
produced the prototype of the first hand-held scanner 
articulated with an arm commercially available in the United 
States. Physionics marketed this scanner in 1964 as a three- 
jointed scanning arm incorporating positioning potentiome- 
ters at each joint [7]. 

Howry left Denver in 1962 to join the department of radiol- 
ogy at Massachusetts General Hospital, where he worked 
until his death in 1969 [9]. Joseph Holmes continued to 
direct the ultrasound research at the University of Colorado 
Medical Center until his death in 1982, and influenced a 
number of radiologists during the 1960s and early 1970s [7]. 
From this group, in 1966, a medical student, Michael 
Johnson, worked with Holmes on several projects, including 
the use of ultrasound in the long-term evaluation of polycys- 
tic kidneys and various aspects of echocardiography [10]. 
Johnson later became a radiologist, then director of ultra- 
sound at the University of Colorado, and is now chairman of 
the radiology department there. 


Looking into the Brain 


Another physician influenced by the Howry group was 
Donald King, a young radiologist at Columbia Presbyterian 
Medical Center. He was later to combine his efforts with 
those of Juan Taveras and Ray Brinker in the purchase of 
ultrasound equipment for that institution. In the spring of 
1962, he paid a visit to the University of Colorado. His inter- 
est in ultrasound had been stimulated by reading an article 
in a popular magazine that included an illustration that 
Howry and Holmes had made of the organs in the body. At 
that time, Juan Taveras, the director of radiology of the 
Neurologic Institute also at the Columbia-Presbyterian Medi- 
cal Center, had an interest in echoencephalography and 
asked Ray Brinker, who had just completed his radiology 
residency, to “read up” on what was known about ultra- 
sound. As a result, they combined efforts to obtain a com- 
mercial metal flaw detector from Branson Instruments in 
Stanford, CT, which was used for evaluating the midline of 
the brain [11]. Branson Instruments later supplied the ultra- 
sound equipment sold by Smith Kline Instruments, which 
eventually bought Branson. Thereafter, another echoen- 
cephalographic instrument made by Physionics was pur- 
chased by Brinker, King, and Taveras and, subsequently, in 
1964 the first contact two-dimensional ultrasound imager 
was ordered in an attempt to obtain cross-sectional imaging 
of the brain [12]. In 1965, Brinker followed Taveras to the 
Mallinckrodt Institute in St. Louis. There, Brinker developed 
a water-immersion ultrasound scanner that was unsuccess- 
ful because of the difficulty of transmitting the ultrasound 
beam through the skull [13, 14]. He also carried out early 
research in Doppler ultrasound [15, 16]. Brinker is currently 
chairman of the department of radiology at the Medical Col- 
lege of Ohio at Toledo. King, as director of ultrasound at 
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Columbia-Presbyterian, has devoted most of his time to 
echocardiography. 


Abdominal Applications 


Another group that influenced a number of radiologists 
was led by J. Stauffer Lehman, former chairman of radiology 
at Hahnemann Medical School in Philadelphia. He was a 
pioneer in clinical applications of ultrasound, specifically, in 
the diagnosis of abdominal and pelvic abnormalities. The 
program developed as a result of a chance meeting in 1964 
between Luther Brady, chairman of radiation therapy at 
Hahnemann, and Murray Smyth, also a radiologist, who was 
involved in promoting the clinical uses of ultrasound 
equipment produced by Smith Kline Industries. He had 
approached several other medical schools and facilities in 
Philadelphia but found no interest. At that time, Smith Kline 
was producing the Ekoline A- and M-mode series for 
echoencephalography and echocardiography and was con- 
sidering adding B-mode two-dimensional ultrasound instru- 
ments to its product line. At Brady’s suggestion, Smith Kline 
Instruments provided the B-mode equipment and Lehman 
provided the staff to perform the clinical tests [7] (Fig. 4). 

George Evans, a young radiologist who had trained at 
Hahnemann, was asked to organize the ultrasound labora- 
tory and supervise the clinical testing [7]. It was his job to 
investigate the diagnostic applications of bi-stable 
ultrasound water-bath techniques and abdominal scanning. 
Insights into the personalities of Lehman and Evans are 
provided by a letter written by George Evans: “My personal 
aggressive enthusiasm toward ultrasound was tempered by 
the conservative yet perceptive approach of Dr. Lehman. His 
painstaking diligence and his profound circumscription 
infected all who worked with him. His insistence for accuracy 
and reproducibility of results were ubiquitous. These charac- 
teristics were so ingrained in his approach to research that 
we did not make unfounded conclusions as regards to the 
diagnostic capabilities of ultrasound.” 





Fig. 4—J. Stauffer Lehman scanning a patient with a compound 
scanner built by Smith Kline Instruments and General Precision 
Instruments. Transducer moved in a water bath lowered over patient’s 
abdomen. (Reprinted with permission from Medical Diagnostic 
Ultrasound: A Retrospective on Its 40th Anniversary.) 





192 GOLDBERG ET AL. 


Broadening Horizons 


Marvin Ziskin, currently a professor of radiology at Temple 
University, became aware of ultrasound as a student in 
biomedical engineering at Drexel University in 1964, when 
Murray Smyth presented a seminar. In 1965, Ziskin became 
a research associate in the diagnostic ultrasound laboratory 
at Hahnemann under the direction of Lehman, who died in 
1974, and Evans, who is currently in private radiologic prac- 
tice in Detroit. This group did some of the earliest large-scale 
clinical research with ultrasound imaging [17, 18]. In addition 
to investigating abdominal applications, they also carried out 
research in echoencephalography, echocardiography, and 
Doppler ultrasound [19-21]. Evans’ first paper was pre- 
sented in December 1964 at the Greater Philadelphia 
Chapter of the Federation for Clinical Research. The ultra- 
sound images from the Hahnemann laboratory were pub- 
lished in Life magazine in January and September 1965. 
This group presented the first exhibit on ultrasound at the 
annual meeting of the American Roentgen Ray Society in 
September 1965 and again at the Radiological Society of 
North America (RSNA) in November 1965. 

Lehman, Evans, and Ziskin worked with practically every 
type of ultrasound instrument manufacturer in the country at 
that time and it is said that Lehman was instrumental in per- 
suading Picker to become involved in ultrasound. Picker 
later bought Physionics and became the dominant force in 
two-dimensional ultrasound imaging in the 1960s and early 
1970s. The company helped disseminate the use of ultra- 
sound throughout the radiologic community. 

In 1968 Barry Goldberg joined the staff at Hahnemann, 
where he worked closely with Lehman in expanding the 
clinical usefulness of ultrasound [22]. Goldberg developed 
an interest in ultrasound during his radiology residency in 
Philadelphia at the Albert Einstein Medical Center in 1964. J. 
Gershon-Cohen, former chairman of radiology at the Center 
and a pioneer in X-ray mammography, had just bought one 
of Smith Kline Instruments’ first Ekoline A-mode ultrasound 
machines. A few weeks after Goldberg started his residency 
he asked Dr. Gershon-Cohen about the machine in the hall- 
way. Gershon-Cohen replied, “Well, that’s something new, 
ultrasound, see what you can do with it.” Goldberg became 
enthusiastic about the technique as he and his colleagues 
taught themselves to use the equipment. Working with 
several members of the radiology staff, he published articles 
on a variety of subjects, including echoencephalography, 
echocardiography, and abdominal and pelvic diseases, as 
well as producing images of the fetus [23-28]. With John 
Kirkpatrick, then chairman of radiology at St. Christopher’s 
Hospital in Philadelphia, Goldberg was one of the first to 
investigate the use of ultrasound in pediatric radiology. Gold- 
berg and H. H. Holm, a urologist from Denmark, were the 
first to develop ultrasound-guided aspiration biopsy tech- 
niques. In 1965, Goldberg delivered one of the first ultra- 
sound papers given by a radiologist at a meeting of the 
RSNA. He pioneered the development of formal educational 
programs for physicians and technologists. He is now direc- 
tor of ultrasound at Thomas Jefferson University Hospital. 

George Leopold began his radiology residency in 1965 at 
Presbyterian Hospital in Pittsburgh. Elliott Lasser, then chair- 
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man of radiology, obtained a Smith Kline Instruments’ ultra- 
sound A-mode unit after the 1966 annual meeting of the 
RSNA and assigned several residents to evaluate its capa- 
bilities. Leopold was the only resident to maintain an inter- 
est, working first with echoencephalography and then 
echocardiography. His introduction to B-mode imaging was 
a Picker machine lent by the company to the hospital for 
evaluation. Shortly after a visit to Lehman's laboratory, 
Leopold followed Lasser to the University of California at 
San Diego and dedicated himself to the clinical applications 
of diagnostic ultrasound [7]. When Leopold arrived in San 
Diego in 1968, he called a local Picker salesman and told 
him that he wanted to order an ultrasound machine. The 
salesman said, “Fine, Doctor, what is it? If we have such an 
instrument, we'd be happy to sell it to you.” This was to be 
the first such machine on the West Coast. Leopold’s early ` 
research was on abdominal ultrasound [29, 30]. He is now 
chairman of the department of radiology at the University of 
California, San Diego. Like Goldberg, Leopold stressed edu- 
cation, providing both formal and informal training programs. 
They, along with other early clinical pioneers, educated a 
whole generation of radiologists and technologists in the 
usefulness of diagnostic ultrasound. 


Ultrasound Becomes Popular 


Another center of clinical research and training was 
developed under Atis Freimanis, a radiologist at Ohio State 
University, who in the mid-1960s also visited Lehman’s 
laboratory to observe clinical work with the Smith Kline 
Instruments’ water-bath prototype [7]. Originally interested in 
its application in studying the nervous system, Freimanis 
became impressed with the general diagnostic capabilities 
of ultrasound [7]. At Ohio State he worked with Michael 
Asher, at that time a medical student interested in develop- 
ing some collaborative research projects [7]. He and 
Freimanis conducted early research on the imaging of 
enlarged retroperitoneal lymph nodes, and they designed 
their own scanning system and techniques [31]. Shortly 
thereafter, another radiologist, Roy Filly, then a medical stu- 
dent, joined them in some of their early ultrasound research 
on pancreatic abnormalities. Asher is now in private practice 
and Filly is now the director of ultrasound at the University of 
California, San Francisco. This is yet another example of 
how the early pioneers in clinical ultrasound provided the 
stimulus for the next generation of radiologists, who, in sub- 
sequent decades, took ultrasound to its current high levels of 
use. Freimanis eventually became chairman of radiology at 
the Medical College of Ohio at Toledo and then at Ohio 
State; he now continues in academic practice at Michigan 
State University. 

In the 1960s, a number of radiologists directed their initial 
efforts toward research with echoencephalography. Many of 
these individuals did not further pursue ultrasound, probably 
because of the difficulty in obtaining adequate images of the 
brain due to the poor penetration of the ultrasound beam as 
it passed through the adult skull. It was not until the 1970s, 
when researchers began to use the fontanelle in pediatric 
patients for placement of the transducer, that adequate infor- 
mation from two-dimensional imaging became available. In 
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1967, for instance, at Downstate Medical Center of the State 
University of New York, Lewis Grossman, a neuroradiologist 
and amateur physicist, directed an active laboratory at the 
Neurologic Institute with the assistance of Georgina Wod- 
rowska, who was one of the earliest ultrasound technolo- 
gists. Unfortunately, Grossman died in 1969. Michael 
Tenner, also a neuroradiologist and now chairman of 
radiology at New York Medical College, was asked to head 
the service. He helped to extend the use of echoencepha- 
lography beyond simple midline detection by identifying 
various components of intracranial anatomy. In 1963, Marc 
Lapayowker, a radiologist at Temple University in 
Philadelphia, and John Kirkpatrick used an Ekoline instru- 
ment to perform echoencephalography examinations, 
including examinations of children [32, 33]. With Renata 
Soulen, another radiologist, they attempted to duplicate the 
early work of Harvey Feigenbaum, a cardiologist, in the 
ultrasound evaluation of pericardial effusion [34, 35]. 
Lapayowker was the first chairman of the American College 
of Radiology Commission on Ultrasound and is currently 
chairman of radiology at Abington Hospital near Philadel- 
phia. 

Fred Winsberg, a radiologist and currently director of ultra- 
sound at Mount Sinai Hospital, was first introduced to 
ultrasound in 1967 while working at Lincoln Hospital in New 
York. As he stated, “Although | had been promised a reno- 
vated X-ray department, construction was delayed by the 
usual governmental red tape and the only items | was able to 
purchase were those not requiring construction. Thus, | 
acquired a Hoffrel ultrasound machine designed for echoen- 
cephalography with M-mode capability.” This machine was 
designed by Russ Uphoff, an engineer who had left Branson 
to form his own company. Winsberg soon became disen- 
chanted with cerebral midlines, but fascinated with echocar- 
diography. He presented his first work in differentiating the 
left from the right ventricle in 1968 at the annual meeting of 
the American Institute of Ultrasound in Medicine. In the 
spring of 1970, he traveled to Germany to see the first and 
only real-time ultrasound instrument at that time, a Vidoson 
sold by Siemens. He was the first to use this machine in 
North America at McGill University in Montreal, Canada, 
where he performed ultrasound on a full-time basis. Wins- 
berg worked with another radiologist at McGill, the late 
Catherine Cole-Beuglet. Using the Vidoson, which featured 
a rotating transducer placed at the focal point of a parabolic 
mirror producing real-time images [36], they were able to 
visualize the aorta and show pulsations, establishing the 
value of real-time ultrasound. 

Raymond Gramiak, a radiologist at the University of 
Rochester, began his involvement with ultrasound in 1966 
when the radiology department unexpectedly discovered a 
budget surplus. Purchase of an ultrasound machine was 
suggested by Elliott Lipchik, cardiovascular radiologist, 
because it appeared new and exciting. A Physionics unit 
was selected because it featured a storage oscilloscope for 
monitoring image build-up during M-mode sweeping or B- 
mode scanning. Gramiak showed the greatest interest in 
mastering use of the new machine and soon obtained mean- 
ingful M-mode images of the mitral valve, virtually the only 
regularly recognized cardiac structure at that time. By 
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varying beam directions away from the mitral landmark and 
into the area expected to contain the aortic valve, an echo- 
pattern complex that seemed to represent the aortic valve 
could be detected. By good fortune and, at about the same 
point in his development as an echocardiographer, Gramiak 
examined a patient in the cardiac catheterization laboratory 
during cardiac output studies with indocyanine green. Each 
intracardiac injection of the agent resulted in an intense 
contrast effect, which he instantly recognized as an excellent 
method to correlate cardiac anatomy with the nonanatomic 
display of M-mode sonography. It became apparent that the 
aortic valve echo complex could be anatomically validated 
by injection of contrast material [37]. This work was soon 
followed by a more comprehensive study in which the 
anatomy of the cardiac chamber, patterns of the mitral, 
tricuspid, and aortic valves, and a variety of clinical 
conditions were shown by using ultrasound and injections of 
contrast material [38]. 

A number of others, both radiologists and nonradiologists, 
have made important contributions. Nonradiologists include 
Ross Brown, who was director of ultrasound in the 
department of radiology at the University of Oklahoma in the 
1960s and early 1970s, and Kenneth Taylor from England, 
who has been the director of the division of ultrasound in the 
department of radiology at Yale since the early 1970s. In 
addition, in the early 1970s, Roger Sanders, another En- 
glishman and a radiologist, former director of ultrasound at 
Johns Hopkins University, made important contributions, and 
Donn Brascho, now medical director at Baptist Cancer Hos- 
pital, was the first radiologist to use ultrasound as an aid in 
planning radiation treatment. 


Epilogue 


The decade of the 1960s was a dynamic, challenging, and 
somewhat difficult period for radiologists involved in 
diagnostic ultrasound. At the onset of this period, ultrasound 
evolved from a medical curiosity to a recognized clinical 
procedure, capable of providing unique diagnostic informa- 
tion. However, instrumentation was crude and huge voids in 
interpreting images confronted the dedicated practitioner. In 
radiology, the established hierarchy was skeptical, particu- 
larly because tissue representation in the ultrasound image 
was different from that on conventional radiologic images, so 
physicians with considerable skill and experience in inter- 
preting X-ray images could not readily interpret sonograms. 
The relatively poor resolution and the difficulty in imaging tis- 
sue such as lung, bowel, and bone also proved barriers to 
acceptance even though different tissue properties were 
evident on sonograms as compared with radiographs. As a 
result, radiologists striving to make their mark in ultrasound 
often received less than optimal departmental support. 
Despite this atmosphere of resistance and lack of 
instrumentation, radiologists persevered and made progress 
in the development of diagnostic ultrasound. 
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Meeting News 





The Impact of New Imaging Technology on Worldwide 
Health Care, Research, and Teaching: Fifth International 


Symposium, August 1992 


Elizabeth Whalen’ 


This unique meeting was the fifth international symposium 
organized by the University of California, San Francisco, to 
bring together leaders in health care from all over the world 
to discuss the impact of new technology on radiology world- 
wide. Held August 27-29, 1992, at the Fairmont Hotel in San 
Francisco, the program was attended by 180 participants 
from 26 countries. From within the United States, 14 states 
and Washington, DC, were represented. Speakers included 
researchers, industry representatives, and experts in the 
economics or technology of the 1990s. Included in the pre- 
sentations were discussions on the following topics: the 
impact of the economy on advances in the practice of medi- 
cine and radiology in various countries, the role of govern- 
ment in medical practice and progress, the relationship of 
industry to the practice of radiology in developed nations and 
emerging nations, the changes in radiologic practice that 
have occurred in response to changing technologies, the 
role of electronic image transmission, the worldwide distribu- 
tion of radiologic resources and its effect on education and 
clinical care, and the future developments in research that 
will be incorporated into clinical practice. In addition, eminent 
speakers presented lectures on the prospects for science in 
the United States, the present status and future outlook for 
the world economy, the intelligent application of technology 
in developing nations, research activities of a university- 
administered national research laboratory in a time of 


change, and the role of Project HOPE in improving world- 
wide health care. New horizons in neuroradiology and in 
cardiac imaging were the topics of two panel discussions. 

Because of AJR space limitations, we can report only a 
fraction of the information and ideas that were presented at 
the meeting. However, the following pages contain summa- 
ries of 13 of the 79 talks given, and we hope this summary 
will at least provide readers with an accurate impression of 
the multicultural, multinational nature of the meeting, and 
offer details on some of the material presented. 


Goals of the Symposium 


The symposium was chaired by Ronald L. Arenson, 
Charles A. Gooding, and Alexander R. Margulis, all of the 
University of California, San Francisco. After Dr. Arenson 
welcomed the participants, Dr. Margulis (who had started 
organizing these meetings in 1974) made a brief statement 
about the goals of the 1992 meeting. He began by recalling 
that “one great achievement” of the four previous meetings 
(1974, 1978, 1982, and 1986) was that the participants at 
each meeting always discussed how bad the situation was 
for radiologists and then, at the next meeting, wished that 
things were “as good as they used to be.” Since 1986, dra- 
matic technologic changes have occurred, including MR 
imaging and MR fast-scanning techniques, spiral CT with 
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three-dimensional acquisition, color Doppler sonography, 
videoscopic surgical techniques, and amazing interventional 
techniques such as transjugular portacaval shunts. Among 
the most important concerns in 1992 is the rising cost of 
health care since 1986. The cost of Medicare physician ser- 
vices, other Medicare costs, and health care spending have 
all increased faster than the gross national product has. The 
public and lawmakers look particularly at physician-service 
costs: from close to $800 billion in health spending, almost 
20 cents of every dollar goes to physicians. Radiologists can 
look for an increase in turf wars as legislatures nationwide 
begin to address the problem of accelerating physician 
costs. Also, the amount of money available for research 
projects has been steadily decreasing since 1986. Although 
“new technology” often receives blame for increasing health 
costs, national expenditures for diagnostic imaging in the 
United States in 1990 and 1991 represented only about 
0.54% of the total national expenditures for health care. The 
largest share of the imaging dollars “pie” still goes to con- 
ventional radiology equipment, but MR imaging costs are 
advancing faster than costs for any other imaging technol- 
ogy; costs for CT are remaining fairly steady. 

Dr. Margulis recalled the conclusions from the 1986 New 
Technology Symposium: (1) radiologists need to prove the 
cost-effectiveness of new imaging techniques; (2) the least 
costly but sophisticated imaging instruments need to be 
developed; and (3) radiologists in all the industrialized coun- 
tries have the responsibility to support the training of radiolo- 
gists and sharing of knowledge throughout the world. The 
situation in 1992 supports those conclusions; proof of cost- 
effectiveness has become increasingly important as the 
spotlight shines on medical spending, equipment that ranges 
widely in price and sophistication (from a Model T to a Fer- 
rari) is available for basic radiologic examinations, and radi- 
ologists are sharing expertise, time, and equipment through 
such organizations as Project HOPE and the World Health 
Organization. 


Prospects for Science in the United States 


Kenneth |. Shine, President of the Institute of Medicine 
(National Academy of Sciences, Washington, DC), sees 
exciting opportunities for radiology in today’s world. Along 
with advances in molecular biology and organ transplanta- 
tion, the techniques of rapid diagnosis (including brain map- 
ping with positron-emission tomography) offer new hope for 
many patients. Dr. Shine stressed five important issues to 
consider in order to have a balanced view of the future of 
health care research. First, the globalization of science has 
become a reality through advances in communications and 
international meetings such as this one; however, a concern 
about patents and secrets endangers scientific communica- 
tion. As Dr. Shine said, “If free trade is important, free sci- 
ence is essential,” and he pointedly used Roentgen as an 
excellent example of a scientist who did not worry about pat- 
ents and thus saw his discoveries used and developed. 
Although of course researchers and their institutions will 
always be concerned with patenting new technologies, 
secrecy cannot be the primary motivation in medicine, in 
which new knowledge may save lives. Second, the 
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disintegration of the Soviet Union has resulted in a signifi- 
cant downsizing of the U.S. armed forces, the Department of 
Defense (DOD), and the Department of Energy (DOE). Both 
the DOD and DOE had been notable supporters of high- 
quality medical research: for example, DOE-supported 
research has lead to advances in nuclear imaging, and the 
DOD has contributed funds to studies of trauma. The 
decrease in funding of these departments means a 
decrease in research moneys from their budgets. Third, 
American research universities have been a driving force of 
much of the progress in recent years. However, the contin- 
ued success of these universities is now threatened by the 
huge financial pressures from ever-tightening state and fed- 
eral budgets that have severely reduced the ability of the 
universities to assume research costs. Fourth, an over- 
whelming consensus in the United States today dictates that 
health care costs must be controlled. Uniess medical tech- 
nology can show value for money that is comparable to the 
value for money spent on education, infrastructure, and 
inner city improvement, government spending for medical 
research will be reduced. 

Dr. Shine sees industry as having an increasingly impor- 
tant role in funding research, but he warns that attention 
must be paid to retaining the independence of the university 
and its researchers. Continuing, high-quality research will 
depend on a new relationship between the university scien- 
tist and industry, but conflicts of interest must be avoided. 
Fifth, accountability of physicians for their work has taken on 
new importance in recent years. Radiologists should wel- 
come the opportunity to take responsibility—to show that the 
value of the service provided is appropriate and to prove the 
cost-effectiveness of new technology in terms of early diag- 
nosis. If radiologists do not evaluate the cost-effectiveness 
of their own services, outsiders will do so in the name of cut- 
ting health care costs, and the results of such evaluations 
will become increasingly painful. Accountability also requires 
that both industry and academia assess the role of minorities 
and women in health care research and adjust those roles 
appropriately. The key to the best use of today’s amazing 
technology is not to decry the paucity of funds but rather to 
thoughtfully and responsibly manage available health care 
resources while accepting full accountability for the value of 
services provided. 


The Impact of the Economy on the Practice of Radiology 
Worldwide 


Imaging Technology in the European Community—Are 
Borders Disappearing? 


Henri Nahum (Hôpital Beaujon, Clichy, France) discussed 
the emergence of the European Community—or, as he 
described them, 12 countries trying to live together. Varying 
in area from 2500 km? (Luxembourg) to 547,000 km* 
(France) and in population from 400,000 (Luxembourg) to 61 
million (Germany), the nations of the European Community 
include Belgium, Denmark, France, Germany, Greece, lre- 
land, Italy, Luxembourg, the Netherlands, Poland, Spain, 
and the United Kingdom. In all these countries, purchase of 
large equipment such as MR imagers or CT scanners 
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requires some government authorization. The number of 
radiologic machines differs greatly among the countries; for 
example, Ireland has only two CT scanners per million peo- 
ple, whereas Belgium boasts 12.1 CT scanners per million. 
Furthermore, quality control of medical care varies among 
the countries, partly by virtue of the number of physicians 
available: Ireland has only 1300 physicians per one million 
people, but Italy has more than twice that number (2900 
physicians per one million people). Radiologists in some 
countries are usually full-time employees of hospitals, and in 
others, they are usually in private practice; in some coun- 
tries, radiologists are allowed to work part-time for a hospital 
and part-time in private practice, but in others, hospital radi- 
ologists are not allowed to do any private-practice work. 

The range of education required for the practice of 
radiology is very wide among European nations, as is the 
range of income earned. However, in almost all these coun- 
tries, the governments determine how many radiologists will 
be trained and will practice within their borders; the number 
and training of radiology technicians are also often dictated 
by the government. Throughout Europe, most radiologic 
examinations are performed by radiologists themselves (in 
the Netherlands, a full 98% of examinations are performed 
by radiologists rather than technicians). However, in general, 
great variation exists in the health care systems, reimburse- 
ment procedures, and costs of examinations. Dr. Nahum 
concluded that, despite movements toward economic coop- 
eration, the borders have not disappeared between the 12 
countries of the European Community—especially in terms 
of health care systems and medical economics. However, 
when we consider the scope of the changes that have 
occurred within the last decade, who can say what agree- 
ments and sharing of technology may happen by the year 
2000? . 


Radiology in Sweden—Today and Tomorrow 


In an overview of the rapidly changing scene in radiology 
in Sweden, Peter Aspelin (Hudinge Hospital, Karolinska 
Institute, Stockholm, Sweden) discussed the national statis- 
tics, the educational system for training radiologists, the 
reimbursement procedures, and the current controversies. 
Of the radiologists in Sweden, 98% are in government prac- 
tice (99% of these are in hospitals) and only 2% are in pri- 
vate practice. Not including private practice, the number of 
radiologic examinations has been relatively stable at about 
4,300,000 per year during recent years. However, the num- 
ber of radiologists has increased from 650 in 1985 to 835 in 
1991. The chest radiograph is still the most common exami- 
nation, performed at a rate of 125 per 1000 inhabitants 
(rates for stomach, colon, and gallbladder radiographic stud- 
ies are 4.1, 11.0, and 2.3 per 1000 inhabitants, respectively). 
Other examinations that are performed relatively frequently 
include mammography, sonography, and CT at rates of 42, 
37, and 17 studies per 1000 people, respectively. 

The year 1992 marked a change in the way radiologists 
are trained in Sweden. Before 1992, requirements included 
4.5 years of studying radiology and 0.5 years of training in 
nonradiologic clinical medicine. Now, radiologists must study 
radiology for a full 5 years to fulfill the training requirement; 
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however, there is no obligatory examination they must pass 
(there is a voluntary examination), and revisions have been 
made in the training they receive in the hospitals. 

Reimbursement policies in Sweden also changed in 1992. 
Before, the health care economy was organized on a totally 
socialist basis. Now, about half of the reimbursement is still 
socialist-based, but the other half is on a “buy-sell” system, 
which means that the government gives money to general 
practitioners, who use it to buy hospital care and radiologic 
services for their patients. Included in the important effects 
of this change are the following: it is easier to obtain new ` 
equipment, patient waiting lists are shorter, and quality 
assurance is being developed in radiology departments as 
they compete for the available money. 

The controversies that Swedish radiologists face today 
include turf battles that may be familiar to some U.S. radiolo- 
gists. Cardiologists are vying with radiologists to perform 
coronary angiography and percutaneous transluminal coro- 
nary angioplasty, while clinicians are showing interest in per- 
forming their own sonographic and nuclear medicine 
examinations. Overall, however, Dr. Aspelin believes that the 
future looks bright as radiologists will benefit from the new 
buy-sell system of reimbursement. 


German Unification—-Economic Consequences for the 
Practice of Radiology j 


Peter E. Peters (University of- Münster, Münster, 
Germany) spoke about the changes in the practice and eco- 
nomics of radiology in the newly unified Germany. Although 
the new Germany is the size of Montana, it is home to a pop- 
ulation 100 times that of Montana; reunification resulted in 
some statistical decreases in health care availability (e.g., 
the proportion of CT scanners to population changed from 
12 per one million to only nine per one miltion). In 1990, the 
year of unification, Germany had 1.7 MR imagers per one 
million people (compared with 8.5 per million and 6.5 per 
million for the United States and Japan, respectively). Since 
1990, however, the number of CT scanners in Germany has 
increased sixfold, and the number of MR imagers has 
increased 20-fold. For this 2-year period, the cost of 
improvements to diagnostic radiology alone was $800 mil- 
lion, which was paid mostly by the government with some 
aid from private donations. 

The purely government-run, centralized health care 
system of the old East Germany is slowly being converted to 
the very different West German system of providing health 
care, in which radiologists are often paid by insurance com- 
panies, sometimes paid by patients, and only occasionally 
paid by the government. Moreover, the government-sup- 
ported large research academies of the old East Germany 
are being replaced by institutions that must work in a highly 
competitive environment for research dollars. 

Dr. Peters also discussed the necessity to close gaps 
between the old East and West Germany. He stressed the 
need for training in cross-sectional imaging, training in man-. 
agement and in research, and elimination of the differences 
in salaries (to stop the “brain drain” that is now occurring 
from east to west). E 
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Selected Problems of Education of Radiologists in Eastern 
Europe 


Bogdan Pruszynski (Central Medical Academy, Warsaw, 
Poland) discussed three aspects of radiology education in 
Poland: the actual system of training in diagnostic radiology, 
the difficulties in realizing the goals of the program, and the 
proposed changes in that educational system. With a popu- 
lation of 39 million people, Poland has 12 medical universi- 
ties; of 35,000 medical students, 2400 graduate each year. 

Undergraduate training of radiologists in Poland consists 
of 30 hours of studying nuclear medicine in the fourth year of 
work, 65 hours of studying diagnostic radiology during the 
fifth year, and 15 hours of radiotherapy in the sixth year. Of 
these hours, 30% are spent in seminars, and most of the 
rest of the hours are devoted to working sessions. Seven 
years of postgraduate training are required of Polish radiolo- 
gists: a 1-year clinical course in radiology, followed by two 3- 
year courses in specialty training (each of which is followed 
by an examination in the specialty). 

Three problems interfere with the radiology student com- 
pleting the required studies. First, little objective motivation 
exists for professional advancement. Second, access to 
well-equipped radiologic facilities is difficult. Third, there is a 
significant shortage of new textbooks and recent profes- 
sional literature. 

In attempts to resolve these problems, the number of stu- 
dents admitted to the program is being reduced to allow 
more individualized training. Also, curriculum developers are 
working toward improving the integration of undergraduate 
radiology training into the basic medical curriculum, and 
decreasing the number of “specialization periods” from two 
(of 3 years each) to one (of 5 years). The medical schools 
are also trying to alter their training programs to make them 
more practical and more up-to-date, with standards compa- 
rable to Western standards. 

Dr. Pruszynski concluded by saying that the past training 
programs in Eastern Europe have not been very effective, 
but the expected changes in the organization of health ser- 
vices should lead to improvement of both undergraduate 
and graduate programs. He stressed that assistance from 
developed countries will be necessary to upgrade the medi- 
cal training, and therefore the standard of care, in Eastern 
European countries. 


Radiology in Czechoslovakia in a Time of Change 


A country that is continuing to go through great political 
and economic changes, Czechoslovakia is also striving to 
improve its old state-run health care system, and Jan Spin- 
drich (Charles University Prague, Prague, Czechoslovakia) 
spoke briefly about the ways that system is being improved. 
In 1992, the population of Czechoslovakia was about 16 mil- 
lion, including about 10.6 million in the Czech Republic and 
5.4 million in the Slovak Republic. The Czechoslovakian 
health care system between 1948 and 1989 had depended 
on a rigid budget of state funding. Although medical care 
was free, political criteria prevailed in the making of medical 
decisions. Physicians’ salaries were extremely low; the aver- 
age radiologist earned about $2200 a year. Generally poor 
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medical care resulted from an inefficient system based on a 
strictly hierarchical organization and dependent on a shadow 
economy. By the late 1980s in Czechoslovakia, an economic 
crisis and rising costs of medical equipment led to a growing 
retardation of medical care. 

Under the new liberal system, some improvement is being 
seen: the role of the state in health care is limited, adequate 
health care is guaranteed for all, private medical practice 
and free choice of physician are allowed, obligatory health 
insurance leads to multiresource funding of health services, 
and medical professional societies are becoming active. The 
medical community hopes to improve training programs, too. 
Now, the basic medical study takes 6 years; to qualify to 
practice as a radiologist, 8 more years are required (3 years 
for first-degree specialty and 5 years for second-degree spe- 
cialty). The proposed changes would allow a student to 
receive a diploma in diagnostic radiology after the basic 
medical studies and a 5-year residency; for a higher 
diploma, 3 more years of study in a specialty (e.g., neurorad- 
iology, pediatric radiology, angio-interventional radiology) 
would be required. 

The improvement in medical care in Czechoslovakia can 
be seen by the great increase in the availability of diagnostic 
imaging equipment since 1989. In that year, there were only 
180 sonographic units in the country; in 1992, there are 800. 
The number of angiographic imagers has increased from 18 
to 28; CT scanners, from 15 to 65; and MR imagers, from 
two to four. Dr. Spindrich expects more improvements in the 
Czech system, both for radiologists and for their patients, in 
the coming years. 


Technology and Practice of Radiology in Central America 


Francisco Arredondo (Francisco Marroquin University, 
Guatemala City, Guatemala) explained that Central America 
consists of a group of seven independent countries, with a 
total area of about 500,000 km? and a total population of 32 
million. At this time, the population is 60% rural, but that 
characteristic is rapidly changing; by the year 2000, 55-60% 
of the population will probably be living in urban areas. 

In much of Central America, the governments cannot pro- 
vide adequate health care because of obsolete legislation 
and poor management skills. Moreover, much of the avail- 
able hospital equipment is not in working condition. Except 
for Panama and Costa Rica, hospitals do not even have 
imaging equipment; although private clinics do have some 
imaging equipment, 80% of these are in urban areas (over- 
all, there is one sonographic imager per 80,000 people, one 
CT scanner per 1.2 million peopie, one MR imager per 15 
million people, and one radiologist for every 92,000 people). 
Most patients pay for their own medical care, and the cost 
for radiologic procedures is at least one third lower than the 
cost in the United States (e.g., a brain CT costs $70, includ- 
ing technician and physician fees; a sonogram costs $16). 
Naturally, this means that the salaries of radiologists are 
much jower than in the United States; they average about 
$18,000 a year. Despite the low cost of procedures, the 
equipment available is rarely used at full capacity because 
the citizens cannot afford even the small amount that they 
must pay. Very little interventional radiology is performed, 


AJR:160, January 1993 


and all interventional radiology is done in collaboration with 
surgeons or gastroenterologists. 

Most doctors who practice in Central America are trained 
in the United States, Mexico, or Europe. In Central American 
countries, some training programs exist but they are limited 
by insufficient funding, too few full-time staff members, and 
lack of up-to-date textbooks and medical journals. However, 
Dr. Arredondo sees hope for the future of health care in Cen- 
tral America in that many of the young radiologists with 
whom he works are highly motivated both academically and 
professionally. 


Helping Developing Countries Improve Their Health 
Care Systems 


The Radiology Outreach Foundation 


According to Charles A. Gooding (University of California, 
San Francisco), a radiologist visiting medical facilities in a 
“developing” nation may find four babies in one incubator, a 
radiographic unit that looks like it was built before 1895, and 
malnutrition and infectious diseases prevailing throughout 
the population. In an attempt to share knowledge and exper- 
tise, the Radiology Outreach Foundation, formed about 3 1/2 
years ago and supported by major radiologic societies 
(including the ARRS), has distributed 14,650 textbooks to 73 
institutions in 41 countries, including China and nations in 
Eastern Europe, Africa, Central America, South America, 
and the Indian subcontinent. In addition, 2353 educational 
videotapes have been donated to eight universities in eight 
countries, and visiting professors have lent their expertise to 
medical institutions in Kenya, Guatemala, Brazil, and Nepal. 

Specific to the field of radiology, the Radiology Outreach 
Foundation has sent radiographic cassettes, sonographic 
units, angiographic catheters, radiographic film and process- 
ing chemicals, and videotape recorders—a total of more 
than $1 million worth of equipment and supplies. One of the 
most recent projects is a mobile CT scanner that can provide 
CT services to populations that are widely separated geo- 
graphically. 

The Radiology Outreach Foundation collaborates with 
other organizations, such as the International Medical Schol- 
ars Program, Project HOPE (particularly in the Shanghai 
Children’s Hospital and the current Swaziland program), and 
the Pan American Development Foundation. However, the 
continuing existence of the Foundation depends on dona- 
tions from private donors and on radiologists who are willing 
to serve as visiting professors in developing countries. Dr. 
Gooding ended his talk with a request for the attendees to 
‘join” the Foundation; whether they feel they can donate 
textbooks or equipment, contribute financial gifts, volunteer 
to be visiting professors, or just send good wishes, Dr. 
Gooding sees the support of the radiologic community as 
essential to this effort to bring high-quality medical care to 
people all over the world. 


The Intelligent Application of Technology in Developing 
Nations 


“Where will the funds come from?” and “Who should 
help—or interfere—with the health care in developing 
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countries?” were two questions posed by Thomas W. Lang- 
fitt, President, The Pew Charitable Trusts (Philadelphia, PA) 
in the introduction to his talk. Although he could not provide 
the answers to those questions, he did describe eloquently 
some of the problems being faced in trying to use scarce 
resources to benefit the most people. The disease burden 
and allocation of health care resources undergo major 
changes each year, and what makes sense one year may be 
a poor use of resources the next. For example, AIDS is a 
continuing and overwhelming problem in many African coun- 
tries; Uganda is the most severely affected by the epi- 
demic—in June 1992, a rough estimate placed the number 
of AIDS cases in Uganda at 34,000 (the actual number could 
be three to five times higher). For problems such as this, 
researchers and physicians must try to use resources in the 
most rational manner—will AIDS eventually decimate the 
population of Uganda or will its incidence level off, as it 
appears to be doing in the United States? 

Almost every developing country has a health care system 
built on a “universal model,” starting with basic community 
care, then up to the District Hospital for more sophisticated 
care, and then up to the Regional Hospital for the best care 
available. This type of system is effective, unless the compo- 
nents of the system are understaffed, underfunded, and 
underused (as is true in many developing nations). So, the 
fundamental structure of a good health care system is in 
place in many countries, and another positive sign is the 
development of a core of health care middle-management in 
the emerging countries. Poverty is the defining factor of 
developing countries; the real gross national product (GNP) 
in sub-Saharan Africa has decreased by 15% in recent 
years, and resources that are present are often badly distrib- 
uted (as in Thailand, where 15 of the nation’s 25 neurosur- 
geons are in Bangkok, leaving 10 to care for the rest of the 
nation, comprising 40 million people). 

Before long, many countries left to their own resources will 
“hit the wall” of improving the standards of national health 
care. Dr. Langfitt said that one particularly great need in 
developing countries is diagnostic radiology. The simple rec- 
ipe of appropriate training of personnel plus sufficient diag- 
nostic equipment will help these countries improve their 
success at treating the most important medical problems at 
the least cost. Radiologists who will work in Nepal, for exam- 
ple, should not undergo exactly the same training as those 
who work in Thailand or in the United States; the leading 
causes of death—which should be the highest health priori- 
ties—differ greatly among the three countries. In Nepal, with 
a GNP of $300 per capita and an average life expectancy of 
less than 50 years, the leading causes of death are acute 
respiratory ailments, digestive diseases (diarrhea), tubercu- 
losis, trauma, and measles. In contrast, the GNP of Thailand 
is $180 per capita but average life expectancy is in the mid 
60s; the major fatal illnesses are trauma, cardiovascular dis- 
ease, digestive disorders (diarrhea), lung disease, and can- 
cer. And, in the United States, where the GNP is $2800 per 
capita and the average life expectancy is more than 70 
years, the most frequent causes of death are cardiovascular 
disease, cancer, trauma, lung disease, and liver cirrhosis. 
Therefore, it is most important for those who want to help 
develop diagnostic radiology resources in emerging 
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countries to provide equipment and training that are appro- 
priate for that environment. Cost-effectiveness, in this era of 
dwindling charitable revenues, is again the key word as 
charities such as The Pew Charitable Trusts decide on the 
ways to spend the donations entrusted to them. 


Technology and Hospital Budgets in an Era of 
Retrenchment 


The President of the University Hospital in Denver, CO, 
Dennis Brimhall, provided a different perspective on technol- 
ogy, health care, and economics. Today’s hospitals in the 
United States are beset with conflicting pressures; although 
reimbursements are decreasing, the greater expectations of 
consumers require the latest in technology, higher quality 
care, new clinical programs (e.g., organ transplantation), 
and more accurate diagnosis. As more sophisticated proce- 
dures are developed, hospitals must decide whether to 
spend the money not only on the new equipment but also on 
the specialized practitioners needed. An additional pressure 
comes from competition, which drives hospitals to offer spe- 
cial programs in order to differentiate themselves from other 
hospitals. While the costs of health care are rising at a rate 
that is higher than the inflation rate, reimbursement grows at 
a rate that is slower than or equal to the inflation rate. More- 
over, much reimbursement is fixed (either by reason for 
admission or by set daily charges for hospital stays) and 
does not take into account either conventional diagnostic 
procedures or investigative procedures. 

The squeeze on hospital administrators is, therefore, 
caused by patients who expect new technology, competition 
with other hospitals, and the powerful research engine that 
has developed in the United States (i.e., if technology is 
available, it must be used). To decrease the pressure, more 
collaboration and cooperation are needed, the limitations of 
hospital resources must be recognized and accepted, and 
national health care reform must be started (with physicians 
taking the lead in reform rather than fighting it). Brimhall did 
say that technology is one area that will be less affected by 
budget crunches because it tends to pay for itself in the long 
run. In the short run, however, physicians and hospital 
administrators must work together to provide high-quality 
health care with increasingly limited resources. 


Research Activities of a University-Administered 
National Research Laboratory in a Time of Change 


Roger W. Werne (Lawrence Livermore National Labora- 
tory, Livermoré, CA) described how scientists at Lawrence 
Livermore are “using bomb technology to further medical 
diagnostics.” The health-related studies at the laboratory 
went through an interesting history of development, starting 
with studies of the effects of nuclear radiation on the human 
body, through studies of other environmental insults, to 
human genome research. Chromosome investigations have 
led to the discovery of the gene that causes a form of mus- 
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cular dystrophy. Perhaps of more interest to the vision-ori- 
ented radiologist is the DYNASD software, which can model 
dynamic structural performance under load (such as the 
effect of the impact of an automobile accident on the brain 
and body). Engineers in industry are using DYNA3D to 
develop anthropomorphic dummies to model all human 
organs, including the musculoskeletal system. 

Although the biotechnology program at Lawrence Liver- 
more Laboratory is relatively “smal” ($35 to $40 million per 
year), it is making advances that may directly affect radiol- 
ogy in the future, advances that all derive from the Laborato- 
ry’s expertise in low signal-to-noise problems. Specifically, 
work is being done on enhanced digital mammography, 
microtomography, and signal processing of vibration from 
heart valves. The goal of laboratory studies on digital mam- 
mography is to use laboratory technology and knowledge to 
identify and highlight microcalcifications in high-resolution 
digitized mammography. Using a calcification finder based 
on artificial intelligence techniques, mammographers can 
find calcified areas on a digital representation of a mediolat- 
eral mammogram with the soft tissue removed by the com- 
puter program. Then the breast tissue is added back to 
localize the calcification, and the result is high-resolution (70 
um) of a portion of the digitized image. An X-ray tomographic 
microscope can characterize fine structural features in 
bones and provide information in three dimensions. For this 
technology, the data-processing and data-storage require- 
ments are still formidable, but Dr. Werne expects that these 
problems will be solved in the next 3 years. For example, Dr. 
Werne showed resolutions of 10 um that have been 
achieved in a rat femur with microtomography; in the future, 
radiologists will be able to look at cross-sections at any loca- 
tion in the human body—at present, they are collaborating 
with researchers at the University of California, San Fran- 
cisco, to look at uses of microtomographic images of teeth. 
Finally, the problem of accurate signal processing and clas- 
sification of heart valve defects is closely connected with 
basic signal-to-noise problems. The goal of this specific 
research is to identify single-strut fractures in artificial! heart 
valves by using known techniques for accurate acoustic sig- 
nal processing, identification, and classification. They have 
already learned that the key piece of information is discover- 
able at the point that the valve opens (not when it is closing), 
and they are developing an artificial intelligence algorithm 
that can identify a broken strut. The scientists at this labora- 
tory must be considered valuable assets as imaging technol- 
ogy moves ever faster toward the year 2000. At this site, 
where bombs were once so efficiently produced, research- 
ers are now developing ways to improve the speed and 
quality of diagnostic imaging. 


Conclusion and Summary 


At the end of the final session, one of the co-chairs, 
Ronald L. Arenson (University of California, San Francisco) 
summarized the main points made at the conference. He 
mentioned that the talks had shown both the differences and 
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similarities among the world’s nations and that computers 
have become vital tools for radiologic practice and research. 
Dr. Arenson discussed four major themes that the sympo- 
sium had brought into focus: the importance of cost-effec- 
tiveness analyses; the need to provide radiologic equipment 
to developing countries; the significance of worldwide train- 
ing programs in radiology; and the search for continuing sup- 
port for research. 

The government, industry, and academia all have great 
interest in cost-effectiveness. Radiologists in the future will 
be required even more than in the past to justify expendi- 
tures on equipment and to explain the benefits of sophisti- 
cated examinations. As leaders in radiology, the participants 
were encouraged to take the “offensive” in showing how 
new, admittedly expensive, technology can save lives and 
money in the long run—especially in terms of early diagnosis. 
Dr. Arenson suggested a conference was needed to address 
the single issue of cost-effectiveness of radiologic medicine 
and to start a “think tank” that could develop approaches to 
the problems of rationally calculating cost-effectiveness. 

Research is needed to provide an inexpensive field radiol- 
ogy unit for use in developing countries. The fields of indus- 
try and research have made tremendous progress in 
providing sophisticated equipment appropriate for hospitals 
in industrialized nations, but doctors in developing countries 
need mobile units, which are especially useful when one 
radiologist must serve tens of thousands of people. Dr. Aren- 
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son suggested exploring the use of computed radiography, 
so that no film or processing supplies are necessary, and 
providing through that unit a link over telephone lines to hos- 
pitals with radiologic expertise for special cases. 

Worldwide training of radiologists must move toward the 
goals of both standardizing educational requirements and 
providing education that is relevant for each country’s situa- 
tion (e.g., life expectancy, GNP per capita, leading causes of 
death). Also, training must be provided for technologists and 
other health care workers—particularly in regions in which 
there are too few radiologists. Such training could be done in 
conjunction with the field unit described in the preceding 
paragraph, so that examinations could be performed by 
technologists in the field and then the images could be inter- 
preted via computer hook-up by radiology experts in large 
hospitals that may be far away from the patient. 

With the decline in both government and clinical funds, 
new sources need to be found so that research into diagnos- 
tic and therapeutic radiology can continue. Radiology’s 
industrial partners may be able to help support more 
research, as long as the researchers remain independent of 
industry. A formalized relationship between academia and 
industry for support of important research would benefit 
both. Furthermore, findings that are significant for the health 
of patients can be verified more quickly if research centers 
share data to a greater extent and cooperate with one 
another to get the combined data published. 
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Extravasation Injury with Nonionic Contrast 
Material 


We read with interest the recent letter from Pond and Dorr [1] 
describing cutaneous ulceration after extravasation of iohexol deliv- 
ered by an automatic power injector. The authors point out that skin 
and soft-tissue necrosis are well recognized complications of 
extravasation of high-osmolality contrast materials [2]. Experimental 
evidence and clinical reports suggest that injury caused by extrava- 
sation of low-osmolality agents is uncommon and rarely requires 
medical or surgical intervention [3, 4]. 

Recently, we treated a 67-year-old woman who had chest CT for 
evaluation of a suspected left-sided perihilar mass. Contrast 
enhancement was thought to be indicated, and a 22-gauge plastic 
cannula was inserted into the volar surface of the left distal forearm 
by a certified technologist trained in venous cannulation. lohexol 
(350 mg l/mil) was administered by means of a power injector. 
Administration of the initial 50-ml bolus was monitored visually, and 
an additional 130 ml was injected at the rate of 1 ml/sec. The patient 
made no complaint during the course of the CT examination, but 
after the scanning, the technologist noticed visual evidence of 
extravasation of contrast material into the forearm. The supervising 
radiologist was notified immediately. The involved limb was ele- 
vated, and cold compresses were applied to the site [3]. The patient 
was closely monitored for the next 2 hr, and serial measurements 
showed increases in the girth of the forearm compared with the 
uninvolved arm. The patient subsequently began to have decreased 
sensorimotor function and a feeling of severe tightness within the 
forearm. Approximately 3 hr after the extravasation occurred, capil- 
lary refill became poor, and the patient's radial and ulnar pulses 
were difficult to palpate. A plastic surgeon was consulted. The con- 
sultant thought that the patient was experiencing an acute compart- 
mental syndrome related to the extravasation, and emergent 
fasciotomy was performed. The patient’s postoperative course was 
unremarkable, and her forearm healed with no persistent deficit. 

Although nonionic contrast agents have had a remarkably safe 
track record with regard to extravasation, close monitoring of 
patients who receive these agents is still necessary. Caution should 
be exercised in the management of all cases of extravasation of 
contrast medium, especially with the moderate to large volumes of 
medium that may be extravasated when power injectors are used. 

Mark Memolo 

Ray Dyer 

Ronald J. Zagoria 

Bowman Gray School of Medicine 
North Carolina Baptist Hospital 
Winston-Salem, NC 27157-1088 
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Reply 


The case reported by Memolo et al. is apparently the first in 
which extravasation of low-osmolality contrast material required sur- 
gical intervention. Inadvertent subfascial placement of a needle is, 
in our opinion, the most likely explanation for this case. We reached 
this conclusion for the following reasons: (1) Subfascial extravasa- 
tion of the initial 50-ml bolus of contrast material would not be easily 
seen, and nonionic agents do not ordinarily cause pain when 
extravasated. (2) A total of 180 ml of any fluid injected deep to the 
antebrachial fascia would produce considerable pressure and hypo- 
thetically would compromise vascular supply. (3) Although iohexol is 
“low osmolality,” it is still hypertonic (844 mOsm/kg H20); its osmo- 
lality is almost three times that of plasma. It would further increase 
pressure within the compartment by creating an osmotic gradient in 
a confined space. The progressive signs and symptoms and the ulti- 
mate development of an acute compartmental syndrome 3 hr after 
extravasation fit well with the hypothesis that the agent was injected 
subfascially. (4) Although contrast material might have moved from 
a subcutaneous location to a subfascial one, our colleagues in the 
anatomy department tell us this is unlikely. Furthermore, we have 
never observed contrast material in the subfascia on plain films 
obtained after extravasation, and we suspect that such a finding is 
rare. (5) To our knowledge, compartmental syndromes associated 
with extravasation of contrast material (even high-osmolality, ionic 
agents) have not been reported. 

Whatever the mechanism for the complication reported, this case 
illustrates yet another risk of peripheral power injection of contrast 
material. We are currently developing a device that may detect large 
volumes of extravasated materials before they become critical. 
Unfortunately, manufacturers have shown little interest, probably 
because the prevalence of injury such as that described by Memolo 
et al. is quite low. Our experience, however, suggests that extrava- 
sation occurs in approximately 1% of all peripheral power injections 
of contrast material. None of these produced any sequelae, mostly 
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because low-osmolality agents were used in all our cases. We are 
concerned, however, that a trend toward the use of less expensive 
but higher osmolality contrast agents may result in a higher number 
of complications in the future. 


Gerald D. Pond 

Robert Dorr 

University of Arizona, Health Sciences Center 
Tucson, AZ 85724 


High-Resolution Sonography of the 
Diaphragmatic Pleura 


In a review article on pleural imaging [1], McLoud and Flower 
describe two sonographic findings that can be used to differentiate 
exudative from transudative pleural effusions: (1) the presence of 
thin, mobile, linear structures, which tend to occur in protein-rich 
exudates and have a honeycomb appearance when extensive; and 
(2) the presence of a uniform mass of tiny echogenic structures that 
move in a swirling fashion with respiration. The authors repeatedly 
stress that sonographic detection of pleural thickening is generally 
difficult. However, if easily detectable, pleural thickening would be 
another sonographic finding that could be used to differentiate an 
exudate from a transudate. 

For 2 months, we used high-resolution sonography with 7.5-MHz 
sector transducers (Sonoline AC, Siemens, Inc.) to evaluate dia- 
phragmatic pleural thickening in two groups of patients. The first 
group consisted of seven patients with an exudative effusion (two 
empyemas and five tuberculous pleural effusions). The second con- 
sisted of 10 patients with a transudative effusion (five effusions 
associated with congestive cardiac failure and five associated with 
uremia). The nature of the effusion was confirmed in all patients by 
using either diagnostic aspiration or pleural biopsy. Scanning was 
performed in the coronal plane along the axillary lines; the scanning 
plane was directed toward the surface of the diaphragmatic pleura. 

High-resolution sonograms showed a distinctly thick and irregular 
diaphragmatic pleural surface in six patients in the first group (Fig. 
1). Swirling internal echoes and mobile fibrinous tags were visual- 
ized in four of these six. In the remaining two, the changes in the 
diaphragmatic pleura provided the only clue to the nature of the 
effusion. None of the patients in the second group had any abnor- 
mality involving the diaphragmatic pleura. Sonographic demonstra- 


Fig.1 High-resolution sono- 
gram shows thick and irregular 
diaphragmatic pleura (arrow). 
L = liver. 
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tion of diaphragmatic pleural thickening cannot supplant diagnostic 
thoracentesis for ascertaining the true nature of pleural effusion. 
However, detection of diaphragmatic pleural thickening on sono- 
grams suggests that the effusion is an exudate, and thus diagnostic 
aspiration is necessary, even though the clinical situation is more 
suggestive of a transudate. 


Hiten M. Malde 
Deepa Chadha 
K. E. M. Hospital 
Bombay, India 
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Reply 


We thank Drs. Malde and Chadha for their interesting observa- 
tions. The abnormality they describe is an irregular echogenic line 
immediately cephalad to the diaphragm. This may he due to thick- 
ening of the pleura, to debris, or to a combination of the two. It is 
noteworthy that they did not detect the same changes over the 
chest wall aspects of the pleural fluid collections. 

Regardless of the presence or absence of these changes (or 
indeed the presence or absence of internal echoes as described by 
us [1]), we recommend needle aspiration in all cases of unexplained 
pleural effusions. 


Theresa C. McLoud 

Harvard Medical School 
Massachusetts General Hospital 
Boston, MA 02114 

Christopher D. R. Flower 
Addenbrooke's Hospital 
Cambridge, England CB2 2QQ 
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Benign Fibrous Mesothelioma of the Pleura: MR 
Findings 


| read with interest the recent article by Lee et al. [1] on CT- 
pathologic correlation of benign fibrous mesothelioma. We recently 
obtained MR images of a patient with such a tumor who had mild 
exertional dyspnea. CT scans showed a large pleura-based mass 
abutting the middle and posterior mediastinum and paravertebral 
area that enhanced mildly after administration of contrast medium. 
MR images were obtained to further delineate possible vascular 
encasement and invasion of the neural foramina suggested by the 
CT findings. 

The mass had intermediate signal intensity similar to that of 
muscle on both T1- and T2-weighted images (Fig. 1A). Contrast 
enhancement with gadopentetate dimeglumine produced a minimal 
increase in signal intensity (Fig. 1B). Vascular structures were seen 
as either tubular areas with signal void (arterioles) or serpiginous 
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Fig. 1.—A and B, T1-weighted (750/28) MR images in a patient with be- 
nign fibrous mesothelioma. Unenhanced image (A) shows large inhomo- 
geneous pleura-based mass abutting mediastinum and paravertebral 
area. Contrast-enhanced image (B) shows an arteriole (arrow) and venous 
sinusoid (arrowhead) within mass 


areas with low signal intensity (venous sinusoids). No evidence of 
vascular encasement or involvement of the neural foramina was 
found. 


Joseph C. George 
St. Luke’s Medical Center 
Milwaukee, WI 53215 
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Reply 


We thank Dr. George for his letter on MR findings of benign 
fibrous mesothelioma of the pleura. Recently, we also obtained MR 
images in two patients with this type of tumor. In both cases, the 
tumors had intermediate-intensity signal similar to that of muscle on 
T1-weighted images (Fig. 1A) and high-intensity signal on T2- 
weighted images (Fig. 2B). In one case, the tumor contained areas 
of cystic degeneration and prominent vascular structures. Contrast- 
enhanced images, which were obtained in one case, showed high- 
intensity signal in the main lesion (Fig. 1C). 

The MR findings reported by Dr. George, including vascular 
structures in the tumor and no evidence of vascular encasement or 
involvement of the neural foramina, are comparable to our CT and 
pathologic findings of high tumor vascularity [1]. In Dr. George’s 
case, the tumor had the same signal intensity (intermediate) on T1- 
and T2-weighted MR images, whereas in our cases, the tumors had 
intermediate signal intensity on T1-weighted images and high signal 
intensity on T2-weighted images. We speculate that the different 
findings on T2-weighted images are due to differences in the main 
component of the tumor (the amount of collagen and fibrocytes and/ 
or fibroblasts). Cystic degeneration of the tumor may result in a 
high-intensity signal on T2-weighted images. The enhancement we 
observed with gadopentetate dimeglumine was greater than that 
observed by Dr. George. We still think that the enhancement of the 
tumor is due to its high tumor vascularity. 
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Fig. 1.—Benign fibrous me- 
sothelioma of pleura in a 73-year- 
old woman. 

A, T1-weighted (630/20) MR 
image at level of left atrium 
shows large inhomogeneous 
mass with intermediate-intensity 
signal. Note areas of cystic de- 
generation (arrows) and vascular 
structures (arrowheads). 

B, T2-weighted (1500/80) MR 
image at same level as A shows 
tumor with high-intensity signal. 

C, MR image obtained after in- 
jection of IV contrast material 
shows marked enhancement of 
tumor. 

(Courtesy of Koun Sik Song, 
Asan Medical Center, Seoul, 
Korea.) 
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Bronchiolitis Obliterans Organizing Pneumonia 
with Migratory Infiltrates: A Late Complication of 
Radiation Therapy 


The article by Epstein et al. [1] suggested that bronchiolitis oblit- 
erans organizing pneumonia should be added to the gamut of 
causes of migratory pulmonary air-space opacities. We describe a 
case corroborating this impression in which the pneumonia clearly 
was a late complication of radiation therapy. 

A 63-year-old woman had a 5-year history of recurrent fever and 
apparent pneumonia, with slight right-sided pleuritic chest pain and 
a dry cough accompanying each episode. Right-sided infiltrates had 
been observed in several locations. She had had a radical right 
mastectomy and postoperative irradiation therapy 18 years before 
this admission. Chest radiographs showed poorly defined infiltrates 
peripherally in the right mid and lower zones of the lungs. CT scans 
showed poorly defined peripheral air-space shadowing confined to 
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Fig. 1.—A and B, CT scans of chest show peripheral opacities within 
area irradiated 18 years earlier. Note absence of right breast (B). 


the portion of lung that had been irradiated after the mastectomy 
(Fig. 1). During several weeks of observation, the infiltrates clearly 
migrated within the relevant portion of lung. The patient's leucocyte 
count was normal. Open lung biopsy showed features of bronchioli- 
tis obliterans organizing pneumonia. Administration of systemic cor- 
ticosteroid resulted in rapid, sustained, and complete clinical and 
radiologic resolution of the opacities. Bronchiolitis obliterans orga- 
nizing pneumonia has been observed as a late consequence of 
radiation [2] as opposed to the more commonly seen parenchymal 
fibrosis. The latter is well established and stable by 12 months after 
the completion of radiation therapy. Our case broadens the range of 
documented late pulmonary effects associated with irradiation [3]. It 
also confirms the possibility of migratory manifestation of bronchioli- 
tis obliterans organizing pneumonia. 


Milton E. Tobias 

Marshall Plit 

Brenthurst Clinic 

Johannesburg 2000, South Africa 
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Reply 


We appreciate the interest Drs. Tobias and Plit have shown in our 
article [1]. Their observation of bronchiolitis obliterans organizing 
pneumonia as a late complication of radiation therapy has merit. 

The bronchiolar epithelium and type Il pneumocytes are quite 
sensitive to the effects of radiation and show signs of injury early in 
the course of radiation therapy. Subsequently, disorganized repair 
may lead to pulmonary fibrosis or, more rarely, bronchiolitis obliter- 
ans organizing pneumonia. Usually, any injury associated with irra- 
diation becomes apparent within 6 months of therapy, but lung 
remodeling may continue for up to 2 years [2]. 

Although in most cases, radiation injury is confined to the area of 
the radiation port, infiltrates outside the area of the port and in the 
contralateral lung have been reported [3]. Whether these unusual 
manifestations of radiation injury are actually bronchiolitis obliterans 
organizing pneumonia is still speculative, as biopsies of the areas 
are rarely done. 

The report of Drs. Tobias and Plit reinforces our premise that 
bronchiolitis obliterans organizing pneumonia manifested as migra- 
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tory infiltrates is an underdiagnosed entity, likely seen in a variety of 
disease states. 


Michael R. Bennett 

David M. Epstein 

The Western Pennsylvania Hospital 
Pittsburgh, PA 15224 
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Conversion of Gastrostomy Tube to Gastro- 
jejunostomy Tube by Using a Peel-Away Sheath 


Percutaneous placement of gastrostomy and gastrojejunostomy 
tubes has become a common interventional radiologic procedure. 
We frequently have been asked to convert gastrostomy tubes to 
gastrojejunostomy tubes in patients who need long-term tube feed- 
ings, but who have episodes of aspiration because of gastroesoph- 
ageal reflux. We have found that use of a peel-away sheath greatly 
decreases the time needed to convert a gastrostomy tube to a gas- 
trojejunostomy tube. 

Gastrostomy tubes are usually placed lateral to the rectus sheath 
to decrease the chance of bleeding from branches of the superior 
epigastric artery. This usually places the tip of the gastrostomy tube 
in the fundus of the stomach directed away from the pylorus. In 
addition, patients who have gastrostomy tubes tend to be thin, and 
the antrum of the stomach is decompressed. Consequently, 
attempts to cross the midline toward the pylorus are hindered. Typi- 
cally, guidewires and catheters simply buckle into the fundus. We 
have found that a 16-French peel-away sheath provides enough 
support to overcome these problems. 

Generally, we remove the preexisting gastrostomy tube over a 
straight-tipped 0.035-in. (0.089-cm) hydrophilically coated guidewire 
(Medi-tech, Watertown, MA). A 16-French peel-away sheath is then 
advanced over the wire and directed toward the pylorus. The stiff- 
ness of the sheath enables us to torque it toward the antrum and 
advance the tip to the pylorus. A 5-French multipurpose catheter 
(Cook, Bloomington, IN) is placed over the wire and through the 
sheath, and the catheter and guidewire are used to cross through 
the pylorus and advance through the duodenum to the ligament of 
Treitz. The peel-away sheath prevents buckling of the catheter and 
guidewire into the fundus and helps direct them to the pylorus. Once 
the ligament of Treitz is reached, the catheter is removed, and an 
18-French gastrojejunostomy tube (Medical Innovations Corpora- 
tion, Milpitas, CA) is advanced over the wire and through the sheath 
(Fig. 1). The sheath again prevents buckling of the tube into the fun- 
dus of the stomach. When the tube is positioned correctly, the 
guidewire and sheath are removed, and the gastrojejunostomy tube 
is secured. 

This method saves considerable time. In most instances, the con- 
version can be accomplished in 10 min or less. The peel-away 
sheath helps direct the catheter and guidewire toward the pylorus, 
prevents buckling into the fundus, and eliminates resistance to 
advancement of the gastrojejunostomy tube at the anterior abdomi- 
nal wall [1]. My colleagues and | have used this procedure in four 
patients so far and have found it quite practical. 

Scott R. Kerns 
University of Florida 
Gainesville, FL 32610-0374 
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Fig. 1.—Radiograph shows 
gastrojejunostomy tube (straight 
arrows) advanced through 
sheath (curved arrows) past liga- 
ment of Treitz. 
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Bacillary Angiomatosis in a Patient with 
HIV Infection 


We read with interest the article by Radin and Kanel [1] on pelio- 
sis hepatis in HIV infection and the follow-up letter to the editor by 
Dr. Radin [2]. We recently treated an AIDS patient with bacillary 
angiomatosis who had similar CT findings. 

A 34-year-old man with AIDS was hospitalized because of fever, 
upper abdominal pain, and weight loss. Physical examination 
showed hepatosplenomegaly and several erythematous skin nod- 
ules. Contrast-enhanced abdominal CT showed an enlarged liver 
containing diffuse tiny hypodense nodules; adenopathy in the portal, 
mesenteric, and paraaortic regions; and a moderate-sized right- 
sided pleural effusion (Fig. 1). Contrast-enhanced abdominal CT 
scans obtained 6 weeks earlier were normal. 

Biopsy of a skin nodule showed clumps of bacteria, and tests with 
Warthin-Starry stain were positive for bacillary angiomatosis. A liver 
biopsy was not performed. The patient was treated with erythromy- 
cin, and, as shown by physical examination, the size of the liver 
decreased rapidly. The patient was discharged 2 weeks after admis- 
sion. Three months later, he had increasing venous distension of the 
lower extremities. Contrast-enhanced abdominal CT scan obtained 
at that time was normal. 





Fig. 1.—Bacillary angiomatosis in a patient with HIV infection. 

A, CT scan shows numerous tiny hypodense nodules in liver and a 
right-sided pleural effusion (arrow). 

B, CT scan at level inferior to that in A shows paraaortic adenopathy 
(arrow). 
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Bacillary angiomatosis is caused by a bacillus similar to the one 
associated with cat-scratch disease. It occurs with increased fre- 
quency in immunocompromised patients, including those with AIDS, 
and may involve the skin, liver, spleen, lymph nodes, bone marrow, 
and pleura [3, 4]. Histologic examination of the liver and spleen 
shows a proliferation of endothelial cells forming vascular spaces, 
similar to the findings reported in peliosis hepatis. 

Recent publications [5, 6] suggest that peliosis hepatis in patients 
with HIV infection is caused by the same organism that causes 
bacillary angiomatosis. The rapid development and resolution of the 
abdominal CT findings in our patient strongly suggest visceral 
involvement by bacillary angiomatosis. The similarity of these CT 
findings to those reported by Dr. Radin is consistent with the theory 
that peliosis hepatis and bacillary angiomatosis in patients with HIV 
infection result from either the same or closely related organisms. 


Philip Goodman 

Suppiah Balachandran 

University of Texas Medical Branch 
Galveston, TX 77555-0709 
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Reply 


As noted by Goodman and Balachandran, evidence is available 
that peliosis hepatis in patients with HIV infection may be caused by 
the same organism that causes cutaneous bacillary angiomatosis. 
In liver tissue from eight HIV-infected patients with peliosis hepatis, 
Perkocha et al. [1] detected bacilli that were morphologically identi- 
cal to the bacilli found in the skin lesions of bacillary angiomatosis. 
The authors suggested that “bacillary peliosis hepatis” and bacillary 
angiomatosis may represent different responses of endothelial cells 
in the liver and skin, respectively, to an angiogenic factor elaborated 
by the bacilli. 

Three aspects of our case [2, 3] are noteworthy. No evidence of 
cutaneous bacillary angiomatosis was found, as was the case in six 
of eight patients described by Perkocha et al. [1]. Tests with Gomori 
methenamine silver and Warthin-Starry stains did not show organ- 
isms in the liver biopsy specimen from our patient. Although bacil- 
lary peliosis has been treated successfully with antibiotics [1], our 
patient showed evidence of spontaneous resolution of peliosis. 

Autopsy (at Los Angeles County—University of Southern Califor- 
nia Medical Center) of a 28-year-old man with AIDS who died of 
Pneumocystis carinii pneumonia showed extensive hepatic and mild 
splenic involvement by peliosis. No skin lesions were found. Tests 
with Gomori methenamine silver and Warthin-Starry stains did not 
show bacilli. At Children’s Hospital of Los Angeles, a 9-year-old boy 
with previous diagnoses of Down’s syndrome, leukemia, and HIV 
infection was admitted for evaluation of fever and hepatospleno- 
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megaly (Hansch L, personal communication). He had no cutaneous 
lesions. After abdominal CT scans showed multiple tiny hypoattenu- 
ating lesions in the liver and spleen, splenectomy and wedge biopsy 
of the liver were performed. Pathologic examination showed peliosis 
of the liver and spleen. Tests with Warthin-Starry stain did not show 
any organism, but interpretation of the results was difficult because 
of high background staining. Whether no bacilli were found in these 
two cases and in our original case because no organisms were 
present or because technical problems occurred is not known. 

In summary, current evidence suggests that peliosis of the liver 
and spleen in patients with HIV infection is due to a specific bacte- 
rial infection, commonly causes fever and hepatosplenomegaly, and 
responds to treatment with antibiotics. Cutaneous lesions of bacil- 
lary angiomatosis may or may not be present. Pathologic examina- 
tion of the liver and spleen may or may not show the offending 
bacillus in association with the peliotic lesions. CT scans may show 
enlargement of the liver and spleen, with or without hypoattenuating 
nodules, and lymphadenopathy. In the absence of cutaneous bacil- 
lary angiomatosis, clinical and radiologic findings are nonspecific 
and suggest a more common mycobacterial or fungal infection in a 
patient with HIV infection. If no acid-fast bacillus or fungus is 
detected in the blood, then biopsy may be necessary. If cutaneous 
bacillary angiomatosis is present, then specific antibiotic treatment 
and clinical and radiologic follow-up to evaluate the response to 
therapy may be sufficient. 


D. Randall Radin 

Los Angeles County—University of Southern California, 
Medical Center 

Los Angeles, CA 90033 

Gary C. Kanel 

Rancho Los Amigos Medical Center 

Downey, CA 90242 
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Dilated Small Bowel Simulating a Submucosal 
Gastric Mass 


Use of single- or double-contrast barium examination to detect 
submucosal gastric mass lesions is routine. The differential diagno- 
sis includes benign masses (leiomyoma, hamartoma, lipoma, neu- 
rofibroma, hematoma, eosinophilic granuloma, ectopic pancreas), 
primary malignant tumors (lymphoma, leiomyosarcoma, tumors 
arising from adjacent organs), and metastatic lesions (melanoma, 
carcinomas of the breast and lung). Solid organs (liver, spleen, pan- 
creas) and colon can compress the stomach and simulate an 
extraluminal or submucosal lesion. The perceptive radiologist 
should also consider extrinsic compression produced by the small 
bowel, a finding not mentioned in current textbooks or teaching 
materials for gastrointestinal radiology [1-3]. 

The case illustrated here shows that the small bowel, when 
dilated because of partial or complete obstruction, can act as an 
extrinsic mass and can produce a compressive vector at an unex- 
pected angle (Fig. 1). The classic radiologic signs of an intramural 
(submucosal) mass are a smooth, well-defined mucosal border with 
an acute angle. The classic radiologic signs of an extrinsic mass are 
a smooth, well-defined mucosal border with an obtuse angle. 
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Fig. 1.—A and B, Barium examination shows large mass effect on 
greater curvature of stomach (A) is caused by dilated jejunum (B), which 
was associated with distal ileal obstruction caused by adhesions. 


In the case illustrated, the oblique vector displacing the gastric 
wall at an acute angle suggested a mass lesion of gastric origin. 
Furthermore, the superimposition of intraluminal contrast material 
and gastric folds may be confusing, leading to possible consider- 
ation of primary gastric abnormalities. 

Richard M. Steinman 

Juri V. Kaude 

University of Florida, College of Medicine 
Gainesville, FL 32610-0374 
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Use of Transperineal Sonography to Locate an 
Obstructing Urethral Calculus 


Transperineal sonography is useful in females for showing the 
level and thickness of tissue in vaginal atresia [1]; evaluating the 
cervix in late pregnancy for cervical incompetence, placenta previa, 
and indications of possible preterm labor [2]; and detecting divertic- 
ula of the urethra [3]. To our knowledge, no one has reported using 
this technique to detect an obstructing urethral stone. 

A 21-year-old woman who had had a kidney transplant because 
of renal failure associated with chronic glomerulonephritis came to 
our clinic because of a 2-day history of gross hematuria and diffi- 
culty in voiding. The bladder was evacuated via a catheter, and the 
patient was dismissed from the clinic. Shortly after removal of the 
catheter, she had recurrent urinary retention and severe pelvic pain. 
Subsequent attempts to insert a catheter into the bladder were 
unsuccessful. Abdominal sonograms showed a distended bladder 
and no hydronephrosis of the transplanted kidney (Fig. 1A). 

Transperineal sonograms obtained with a 5-MHz transducer 
showed a 2-cm stone in the urethra (Fig. 1B). At cystoscopy, a large 
calculus in the urethra was pushed back into the bladder and 
crushed, and the fragments were removed. Suture material was the 
nidus of the calculus. 

Transperineal sonography is a noninvasive well-tolerated proce- 
dure that enables detailed evaluation of the cervix, vagina, and ure- 
thra in females. The study takes about 5-10 min and does not 
require that the patient have a full bladder. With the patient supine 
and the thighs abducted, the transducer is placed on the perineum 


AJR:160, January 1993 





B 


Fig. 1.—Obstructing urethral calculus in a 21-year-old woman with a 
transplanted kidney. 

A, Abdominal sonogram shows distended urinary bladder. No stones 
were seen within bladder lumen. 

B, Sagittal transperineal sonogram shows a large calculus (straight 
arrow) within urethra distal to bladder base. Hypoechoic channel (arrow- 
head) is more distal, nondistended urethra. Echogenic stripe (curved ar- 
row) is vaginal mucosa. 


between the labia majora. The sagittal orientation optimizes visual- 

ization of the urethra as a hypoechoic stripe. Sonographers should 

be familiar with the performance of this procedure and should use it 

whenever detailed examination of the urethra in a female is 
necessary. 

Sarah Lewellyn 

Patricia L. Abbitt 

University of Florida College of Medicine 

Gainesville, FL 32610-0374 
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Blood-Fluid Level Within a Renal Cyst 


Nyberg et al. [1] have emphasized that echogenic intraperitoneal 
fluid correlates with hemoperitoneum in patients with a ruptured 
ectopic pregnancy. We have found this correlation between 
echogenic fluid and hemorrhage applicable in detecting hemorrhage 
within renal cysts in patients with adult polycystic kidney disease. 

A 34-year-old man had hematuria after blunt abdominal trauma. 
The patient had a family history suggestive of polycystic renal dis- 
ease, and physical examination showed bilateral, nodular renal 
lumps. Abdominal sonograms obtained with a 3.5-MHz sector trans- 
ducer (Sonoline AC, Siemens Medical System) showed bilateral, 
renal cysts of various sizes, characteristic of adult polycystic kidney 
disease. A few hepatic cysts were also visualized. The fluid within 
some of these cysts showed marked echogenicity, suggestive of 
internal hemorrhage. In some of the cysts, a distinct blood-fluid level 
was visualized, and its position changed when the patient changed 
position (Fig. 1). A high-frequency transducer (7.5-MHz sector 
transducer) was superior to the 3.5-MHz transducer for showing the 
echogenic nature of the internal hemorrhage in some of the superfi- 
cial cysts. Sonographically guided aspiration of the fluid within the 
largest cyst was performed. Analysis of the fluid confirmed the 
presence of internal hemorrhage and the absence of infection. 
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Fig.1.—Renal cyst in a 34-year-old man with adult polycystic kidney 
disease. 

A and B, Sonograms obtained with patient supine (A) and sitting (B) 
show blood-fluid level (arrows) within a renal cyst complicated by 
internal hemorrhage. 


Abdominal sonograms show the cysts of adult polycystic kidney 
disease as anechoic, thin-walled, circular lesions without any inter- 
nal echoes or debris, the presence of which would suggest either 
infection or internal hemorrhage [2]. In the past, studies [2] showed 
that findings on abdominal sonograms could not be used to differen- 
tiate infection from internal hemorrhage. Consequently, differentia- 
tion of these two complications required abdominal CT [3] or guided 
fluid aspiration. We think that the sonographic finding of markedly 
echogenic fluid within a renal cyst is highly characteristic of internal 
hemorrhage and obviates any further investigations. High-frequency 
(7.5-MHz) transducers are superior to 3.5-MHz transducers for 
highlighting this echogenicity in superficial lesions. 

Hiten M. Malde 
Deepa Chadha 
K. E. M. Hospital 
Bombay, India 
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Adrenal Pheochromocytoma 


| read with considerable enjoyment the radiologic-pathologic con- 
ference on adrenal pheochromocytoma presented by Disler and 
Chew [1]. | must take issue with one sentence of their otherwise 
quite eloquent and well-illustrated case report. They state that “cal- 
cification in the rim and central necrosis are common but not diag- 
nostically specific.” Although | agree with the nonspecificity of these 
findings and the frequency of the central necrosis in pheochromocy- 
toma, | think that the prevalence of calcification is actually quite low. 
Although calcification has been reported [2], and peripheral calcifi- 
cation has been described as a distinctive finding of pheochromocy- 
toma [3], several series have reported that calcification occurs 
infrequently in this entity. In a study of 100 patients in which 86 had 
adrenal pheochromocytomas, only one of the 86 tumors was calci- 
fied [4]. In a study Bob Stanley and | did [5], only two (6%) of 33 cal- 
cified adrenal masses were pheochromocytoma. In my personal 
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Fig. 1.—Radiograph of surgi- 
cally proved adrenal cyst shows 
calcification (arrows) in inferior 
margin only. 





experience with 28 cases of pheochromocytoma, these two are the 
only calcified ones | have seen, for an overall prevalence of 7%. 
Thus, pheochromocytomas not only calcify infrequently but also 
account for a low percentage of the total of calcified adrenal 
masses. Clearly, some pheochromocytomas have peripheral calcifi- 
cation, and most of these also have central necrosis. 

However, peripheral curvilinear calcification is a frequent finding 
in so-called adrenal cysts (most of which are actually pseudocysts). 
Although a rare entity, adrenal cysts accounted for 18% of calcified 
adrenal masses in the series reported by Stanley and me [5]. Seven 
(78%) of the nine adrenal cysts | have seen were calcified. 

Intriguingly, in four of them (57% of those calcified), the calcifica- 
tion was limited to, or greatest in, the inferior margin (Fig. 1). This 
pattern of calcification is in contrast to that seen in the case reported 
by Disler and Chew, in which the calcification appears to be pre- 
dominately in the superior aspect of the mass. The same superior 
predominate pattern was seen in one of the cases of Grainger et al. 
[3]. 

In summary, although curvilinear calcification does occur in pheo- 
chromocytoma, it is more often seen in a calcified adrenal cyst. The 
diagnosis of pheochromocytoma, however, should be obvious 
because of clinical and biochemical evidence of abnormally high 
levels of catecholamine, which would not be found in a case of adre- 
nal cyst. | do not think that the superior vs inferior predominance of 
calcification has been discussed before. | wonder if Drs. Disler and 
Chew have any comments on this topic. 


Philip J. Kenney 
University of Alabama at Birmingham, School of Medicine 
Birmingham, AL 35233 
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Reply 


We stand corrected by Dr. Kenney on the prevalence of radio- 
graphically demonstrable rim calcification in adrenal pheochromocy- 
toma. Concerning the distribution of calcification in the superior vs 
the inferior portion of the rim of a cystic region of an adrenal mass, 
we are unaware of any pathophysiologic basis for a difference 
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between pheochromocytoma and cyst, and have not ourselves 
made the observation that Dr. Kenney has. 


David G. Disler 

Felix S. Chew 

Massachusetts General Hospital 
Harvard Medical School 

Boston, MA 02114 


Subtle Clue to Duplication of Inferior Vena Cava 


Prophylactic or therapeutic placement of an inferior vena caval fil- 
ter may not prevent a pulmonary embolus if the inferior vena cava is 
duplicated [1-4]. The following is described as an example. 

A 62-year-old man had an 11-year history of seizures. For 
approximately 1 year, he had voluntarily discontinued medication for 
control of the seizures. A seizure and fall precipitated his admission 
to another hospital, where CT of the head showed a small subdural 
hematoma. Seven days after admission for observation, the patient 
complained of pain in the right calf. The lower extremity was swol- 
len, and a venogram showed extensive thrombosis of the right 
superficial femoral vein. Evidence of intracranial hemorrhage pre- 
cluded anticoagulation therapy. Percutaneous placement of an infe- 
rior vena caval filter via the right common femoral vein was 
unsuccessful, as access to the vein could not be achieved. 
Approach via the right internal jugular vein was successful, and infe- 
rior venacavography was performed before placement of the filter. 
Despite satisfactory placement of the filter at the appropriate level, it 
was noted during the procedure that the patient might have had a 
pulmonary embolus. A precipitous fall in oxygen saturation, evi- 
dence on chest radiograph of oligemia in the right upper lung, and 
findings on a ventilation-perfusion scan suggestive of pulmonary 
embolism were followed by progressive cyanosis and hypotension. 
The patient was transferred to our institution for possible pulmonary 
embolectomy. 

A review of the original inferior venacavogram showed that the 
uppermost segment of the inferior vena cava had a considerably 
larger diameter than did the longer lower segment (Fig. 1A). It 
appeared that the upper segment was formed by the confluence of 
two vessels of equal diameter, and that this confluence was not typ- 
ical of the nearly right-angled juncture of a normal left renal vein with 
the inferior vena cava (Fig. 1B). In anticipation of possible pul- 
monary embolectomy, pulmonary arteriography was performed via 
catheterization of the left common femoral vein. The catheter 
passed superiorly to the left of the midline in the lower abdomen and 
then obliquely to the right of the midline in the upper abdomen. Pul- 
monary arteriograms showed an embolus in the right upper lobe of 
the lung. The catheter was withdrawn to the lower abdomen, and 
venacavograms showed the duplicated infrarenal inferior vena cava 
(Fig. 1C). The left renal vein joined the left inferior vena cava at a 
right angle. The left inferior vena cava then coursed in its character- 
istic oblique fashion upward and to the right, where it joined the right 
vena Cava containing the filter that had been placed initially. A sec- 
ond filter was placed percutaneously in the left inferior vena cava via 
the established left femoral vein access. Figure 1D shows the loca- 
tions of the two filters in the duplicated inferior vena cava. The clini- 
cal course of the patient stabilized and improved during the 
described procedures. Pulmonary embolectomy was deferred, and 
after a rapid recovery, the patient was discharged from the hospital. 


William J. Smolinski 
Allen J. Weinstein 
Lehigh Valley Hospital 
Allentown, PA 18105 
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Fig. 1.—Duplication of inferior vena cava. 

A and B, Venacavograms show right infrarenal inferior vena cava (A) 
and proximal segments of right and left inferior vena cavae (B) in 
continuity with upper main segment of vessel. 

C, Left femoral venacavogram shows filter in right inferior vena cava 
and left inferior vena cava without a filter. 

D, Venacavogram shows filters at identical levels in right and left 
inferior vena cavae. 
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CT-Guided Excision of Osteoid Osteoma 


Incomplete surgical excision of the nidus of an osteoid osteoma 
is the most commonly cited reason for recurrent signs and symp- 
toms and surgical failures [1]. The common intracortical location and 
exuberant periosteal reaction hinder intraoperative localization. 
Several preoperative and intraoperative techniques for localization 
of the nidus have been described, including use of drill holes, tech- 
netium-99m, bone scanning, and fluorescence with tetracycline [2, 
3]. All these methods are cumbersome and ineffective. In many 
cases, placement of hardware is needed after large areas of cortical 
bone are removed [1, 2—4]. 

Recently, preoperative CT localization and marking of the nidus 
followed by en bloc resection were reported [1, 5]. We describe a 





LETTERS 211 






Fig. 1.—A and B, CT scans 
show osteoid osteoma on anteri- 
or aspect of right femur (A) and 
Kirschner wire inserted into 
nidus of tumor (B). 

C, CT scan obtained after per- 
cutaneous excision with biopsy 
needle shows complete evacua- 
tion of nidus. 


simple method in which a Kirschner wire and a CORB biopsy needle 
(Zimmer Manufacturing Co., Warsaw, IN) are used to remove the 
nidus. The procedure is performed in the CT scan unit. Local anes- 
thesia is used, and the patient is discharged shortly after the proce- 
dure is completed. 

After the lesion is localized by using CT (Fig. 1A), a Kirschner 
wire is inserted and drilled through the cortex into the nidus (Fig. 
1B). A CORB biopsy needle is inserted over the wire into the bone 
through a small incision, and the specimen is evacuated. CT scans 
obtained after excision show the completeness of the evacuation 
(Fig. 1C). 


Dan Atar 

Soroka Medical Center 
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Hospital for Joint Diseases 
New York, NY 10003 
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In Utero Clue to Congenital Lethal Osteogenesis 
Imperfecta 


Sonographic criteria for the diagnosis of congenital lethal osteo- 
genesis imperfecta in utero are shortened, deformed limbs; small 
concave chest with rib deformities; and cranial deformity, with an 
unusual clarity (“Supervisualization”) of intracranial structures. Use 
of high-resolution, state-of-the-art sonographic equipment highlights 
this supervisualization of intracranial anatomy, which may be the ini- 
tial clue leading to the diagnosis of osteogenesis imperfecta. 

A 29-year-old pregnant woman (38 weeks’ gestation) was 
referred to our tertiary-care medical center for consultative obstetric 
sonography for evaluation of fetal intracranial abnormalities. The 
patient indicated that she had had eight previous sonographic 
examinations during this pregnancy, all performed elsewhere, but 
no films of the findings had been obtained. Scanning of the fetus at 
this time showed marked clarity of normal intracranial structures 
(Fig. 1A), suggesting a possible diagnosis of osteogenesis imper- 
fecta. Careful assessment of the limbs showed severe fracture 
deformities of the long bones, characteristic of osteogenesis imper- 
fecta. The patient had an elective cesarean delivery, and the infant 
died shortly after birth. Radiographs of the neonate confirmed the 
diagnosis of congenital lethal osteogenesis imperfecta (Fig. 1B). 





Fig. 1.—Congenital lethal osteogenesis imperfecta. 

A, Sonogram of head of fetus at level of third ventricle shows 
deformity of cranial contour and unusual clarity of third ventricle, gyri, 
and sulci. 

B, Postnatal radiograph shows gross bony deformities and healing 
fractures, diagnostic of congenital, lethal osteogenesis imperfecta. 


Sonographic criteria for the diagnosis of osteogenesis imperfecta 
in utero have been well described [1]. Supervisualization of normal 
intracranial structures, which is due to poor calvarial ossification, 
may be recognized instantaneously when the head of the fetus is 
scanned. When supervisualization is observed, careful assessment 
of the fetal limbs should be performed. The only differential diagno- 
sis for these cranial findings is hypophosphatasia. 


Matthew Andrews 
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University of California, Davis Medical Center 
Sacramento, CA 95817 
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Segmental Septa in Takayasu Arteritis of the 
Carotid Artery 


We present an unusual case of Takayasu arteritis in which seg- 
mental septa were found in the dilated common carotid arteries. A 
25-year-old woman was admitted because of fever, pain and pulsa- 
tile masses in both sides of the neck, elevated erythrocyte sedimen- 
tation rate, and a positive test for C-reactive protein. Sonography, 
CT, and MR imaging of the neck showed marked dilatation and web- 
like septa in both common carotid arteries. Aortography showed 
aortic regurgitation (grade 3), stenosis of the proximal left subcla- 
vian and common carotid arteries, and marked dilatation with web- 
like septa of both common carotid arteries (Fig. 1A). These findings 
were consistent with a diagnosis of Takayasu arteritis. Selective 
cineangiography of the left common carotid artery, with sequential 
rotation from anteroposterior to left anterior oblique projections, 
showed the segmental septa were circumferential (Figs. 1B—1D). 

A combination of stenotic and dilated lesions occurred in this 
case. The primary pathologic findings in Takayasu arteritis are 
destruction of elastic fibers in the media, cellular infiltration of the 
adventitia and media, and fibrosis and hyperplasia of the intima 
without cellular infiltration [1]. When destruction of the aortic wall is 
extensive and production of supporting fibrous tissue is deficient, 
the weakened aortic wall expands. According to Ueda et al. [2], 
stenotic or occlusive changes occur when fibrosis and hyperplasia 
of the intima are more marked than the changes in the media and 
adventitia, and dilatation or aneurysm develops when the destruc- 
tion of the medial elastic fibers occurs in association with changes in 

















Fig. 1.—A, Digital subtraction 
angiogram of aortic arch shows 
dilatation and formation of seg- 
mental septa in both common 
carotid arteries and stenosis of 
proximal left subclavian and left 
common carotid arteries. 

B-D, Selective cineangio- 
grams of left common carotid ar- 
tery in anteroposterior and left 
anterior oblique projections 
show segmental weblike septa 
are circumferential. 
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the adventitia. Therefore, it is speculated that only those arterial 
segments with prominent inflammation show dilatation. Local hemo- 
dynamic effects or congenital arterial abnormalities may allow 
development of aneurysms. The degree of destruction of the arterial REFERENCES 
wall depends on the sites and stages of the inflammation. 
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directly. Abstracts are printed verbatim from each journal. 


The New England Journal of Medicine 


Identification of the uncultured bacillus of Whipple’s disease. 
Reiman DA, Schmidt TM, MacDermott RP, Falkow S (DAR, Palo 
Alto Dept. of Veterans Affairs Medical Center, 154T, 3801 Miranda 
Ave., Palo Alto, CA 94304). N Engl J Med 327(5):293-301, July 30, 
1992 


Background. Whipple’s disease is a systemic disorder known for 
85 years to be associated with an uncultured, and therefore uniden- 
tified, bacillus. 

Methods. We used a molecular genetic approach to identify this 
organism. The bacterial 16S ribosomal RNA (rRNA) sequence was 
amplified directly from tissues of five unrelated patients with Whip- 
ple’s disease by means of the polymerase chain reaction, first with 
broad-range primers and then with specific primers. We determined 
and analyzed the nucleotide sequence of the amplification products. 

Results. A unique 1321-base bacterial 16S rRNA sequence was 
amplified from duodenal tissue of one patient. This sequence indi- 
cated the presence of a previously uncharacterized organism. We 
then detected this sequence in tissues from all 5 patients with Whip- 
ple’s disease, but in none of those from 10 patients without the dis- 
order. According to phylogenetic analysis, this bacterium is a gram- 
positive actinomycete that is not closely related to any known 
genus. 

Conclusions. We have identified the uncultured bacillus associ- 
ated with Whipple’s disease. The phylogenetic relations of this bac- 
terium, its distinct morphologic characteristics, and the unusual 
features of the disease are sufficient grounds for naming this bacil- 
lus Trooheryma whippelii gen. nov. sp. nov. Our findings also pro- 
vide a basis for a specific diagnostic test for this organism. 


Reactivation of unstable angina after the discontinuation of 
heparin. Théroux P, Waters D, Lam J, Juneau M, McCans J (PT, 
Montreal Heart Institute, 5000 Belanger St., Montreal, Quebec, HIT 
108, Canada). N Engl J Med 327(3):141—145, July 16, 1992 


Background. Heparin is an effective, widely used treatment for 
unstable angina. Among patients enrolled in a double-blind, ran- 
domized, placebo-controlled trial comparing intravenous heparin, 
aspirin, both treatments, and neither during the acute phase of 
unstable angina, we encountered patients in whom unstable angina 
was reactivated after heparin was discontinued. 

Methods. The study population included 403 of the original 479 
patients in the trial who had completed six days. of blinded therapy 
without refractory angina of myocardial infarction. After the discon- 
tinuation of therapy, clinical events, including reactivation of unsta- 
ble angina and myocardial infarction occurring within 96 hours after 
hospitalization, were closely monitored. 
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Results. Early reactivation occurred in 14 of the 107 patients who 
received heparin alone, as compared with only 5 patients in each of 
the other three study groups (P<0.01). These reactivations required 
urgent intervention (thrombolysis, angioplasty, or coronary-bypass 
surgery) in 11 patients treated with heparin alone, but in only 2 
patients in the other groups combined (P<0.01). Four of the six 
patients who had a myocardial infarction during a reactivation of 
their disease were in the heparin group. Reactivations in this group 
occurred in a cluster a mean (+SD) of 9.5+5 hours after the discon- 
tinuation of the study drug but were randomly distributed over the 
initial 96 hours in the other three groups. 

Conclusions. Although heparin is beneficial in treating unstable 
angina, the disease process may be activated within hours of the 
discontinuation of this drug. Concomitant therapy with aspirin may 
prevent this withdrawal phenomenon. 


Gastric-outlet obstruction induced by prostaglandin therapy in 
neonates. Peled N, Dagan O, Babyn P, et al. (G. Koren, Division of 
Clinical Pharmacology, Hospital for Sick Children, 555 University 
Ave., Toronto, Ontario, M5G 1X8 Canada). N Engl J Med 
327(8):505-510, Aug. 20, 1992 


Background. An infusion of prostaglandin E, is widely used to 
maintain patency of the ductus arteriosus in neonates with congeni- 
tal heart disease. After gastric-outlet obstruction was recognized in 
several infants who received prostaglandin E,, we studied the asso- 
ciation between the drug and this complication. 

Methods. We evaluated all neonates who received prostaglandin 
E, in our hospital between October 1, 1989, and September 30, 
1991, for clinical, radiologic, or pathological evidence of acute gas- 
tric-outlet obstruction. 

Results. Of the 74 neonates evaluated, 65 had no signs of gastric 
obstruction and were considered normal; 5 had clinical and radio- 
logic or pathological evidence of gastric obstruction consistent with 
the presence of antral mucosal hyperplasia. The remaining four 
neonates had clinical signs of gastric obstruction, but no radiologic 
or pathological examinations were performed. 

The 5 neonates with antral hyperplasia had received prostaglan- 
din E, for longer periods (mean [£SD] duration, 56914341 hours) 
than the 65 normal neonates (54458 hours, P<0.01) or the 4 neo- 
nates with clinical signs of gastric obstruction (119460 hours, 
P<0.05). The cumulative dose of prostaglandin E, was higher in the 
neonates with antral hyperplasia (298241392 ug per kilogram of 
body weight) than in the normal neonates (2794270 wg per kilo- 
gram, P<0.001) or the neonates with signs of gastric obstruction 
(5284306 ug per kilogram, P<0.01). In two neonates with antral 
hyperplasia, the cessation of therapy lessened the gastric-outlet 
obstruction. 

Conclusions. The administration of prostaglandin E, to neonates 
can cause gastric-outlet obstruction due to antral hyperplasia. Neo- 
nates who receive prostaglandin E, at recommended doses for 
more than 120 hours should be closely monitored for evidence of 
antral hyperplasia. 
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Nitric oxide synthase activity in infantile hypertrophic pyloric 
stenosis. Vanderwinden J-M, Mailleux P, Schiffmann SN, Vander- 
haeghen J-J, De Laet M-H (JMV, Laboratory of Neuropathology and 
Neuropeptide Research, Université Libre de Bruxelles, Campus 
Erasme, CP 601, 808 route de Lennik, 1070 Brussels, Belgium). N 
Engl J Med 327(8):511—515, Aug. 20, 1992 


Background. Hypertrophic pyloric stenosis is a common infantile 
disorder characterized by enlarged pyloric musculature and gastric- 
outlet obstruction. Its physiopathologic mechanism is not known, but 
a defect in pyloric relaxation (pylorospasm) has been postulated. 
Nitric oxide is a mediator of relaxation in the mammalian digestive 
tract, raising the possibility that pylorospasm could be caused by a 
defect in nitric oxide production. Since neuronal nitric oxide syn- 
thase and NADPH diaphorase are identical, we used the NADPH 
diaphorase histochemical reaction to study the distribution of nitric 
oxide synthase in pyloric tissue from patients with infantile hyper- 
trophic pyloric stenosis. 

Methods. We studied pyloric tissue from nine infants with infantile 
hypertrophic pyloric stenosis and seven control infants and children. 
Cryostat sections were processed for NADPH diaphorase histo- 
chemical analysis. A polyclonal tau antiserum was used to identify 
the enteric nervous system by immunohistochemical methods. 

Results. NADPH diaphorase activity was restricted to the enteric 
nervous system and blood vessels. In the pyloric tissues from the 
control patients, intense diaphorase activity was present in the 
nerve fibers of the circular musculature, in the neurons and nerve 
bundles of the myenteric plexus, and in some nerve fibers of the lon- 
gitudinal musculature. In the pyloric tissues from patients with infan- 
tile hypertrophic pyloric stenosis, the enteric nerve fibers in the 
hypertrophied circular musculature were enlarged and distorted and 
did not contain diaphorase activity, whereas the activity in the myen- 
teric plexus and the longitudinal musculature was preserved. 

Conclusions. We suggest that a lack of nitric oxide synthase in 
pyloric tissue is responsible for pylorospasm in infantile hypertrophic 
pyloric stenosis. 


Chest 


Measurement of lung density by means of quantitative CT 
scanning: a study of correlations with pulmonary function 
tests. Heremans A, Verschakelen JA, Van fraeyenhoven L, 
Demedts M (JAV, Dept. of Radiology, University Hospital Leuven, 
Leuven, Belgium B-3000). Chest 102(3):805-811, Sept. 1992 


In recent years, much attention has been given to the role of CT 
in detecting and quantitating pulmonary emphysema. We measured 
CT lung density in 45 patients undergoing a diagnostic work-up and 
compared this with pulmonary function tests. The CT lung densities 
measured with the sector method and with the whole lung method 
were very highly correlated with each other (r=0.96, p<0.001), and 
measurements at TLC systematically gave a lower density than 
those at FRC (p<0.0001). Also, CT density measurements at TLC 
and even more so at FRC correlated well with pulmonary function 
indices of airway obstruction and of hyperinflation, but not with indi- 
ces that are considered more specific for emphysema (single breath 
DCO, static lung compliance). We conclude that CT lung density 
gives a good reflection of the degree of hyperinflation, ie, enlarge- 
ment of distal airways, but is not sensitive to detect whether or not 
this is associated with emphysema. 


Circulation 


Thrombus regression in deep venous thrombosis: quantifica- 
tion of spontaneous thrombolysis with duplex scanning. van 
Ramshorst B, van Bemmelen PS, Hoeneveld H, Faber JAJ, Eikel- 
boom BC (BVR, Dept. of Surgery, St. Antonius Hospital, P. O. Box 
2500, 3430 EM Nieuwegein, Holland). Circulation 86:414—419, 1992 


Background. Thrombus regression in heparin-treated, acute deep 
venous thrombosis of the lower extremity is poorly documented in 
the literature; different rates of thrombus resolution and recanaliza- 
tion are reported. 
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Methods and Results. In a prospective follow-up study, duplex 
scanning was used to evaluate the thrombus regression in patients 
with documented acute femoropopliteal thrombosis. Eighty vein 
segments in 20 legs of 18 patients were subjected to repeat duplex 
scans at 1, 3, 6, 12, and 26 weeks after diagnosis; 49 segments 
showed thrombus at diagnosis. The popliteal vein showed the high- 
est thrombus load at diagnosis, followed in descending order by the 
superficial femoral, profunda femoris, and common femoral vein 
segments (p<0.001). Thrombus_ regression was significant 
(p<0.001) in all segments and proceeded at an exponential rate that 
was equal in the different vein segments of the upper leg. Both 
thrombus resolution and recanalization appeared to be a function of 
the initial thrombus load and could not be related to individual vein 
segments. Recanalization was seen in 23 of 31 initially occluded 
segments and occurred within the first 6 weeks after diagnosis in 20 
of 23 segments. Extension of thrombus despite anticoagulant ther- 
apy was observed in 15 vein segments and was not related to the 
initial thrombosis score (p=0.1) or individual vein segments 
(p=0.23). Thrombus extension in seven patients with prethrombotic 
conditions was not different (p=0.9) from the other patients. 

Conclusions. Duplex scanning is an important noninvasive tool to 
quantify thrombus regression in acute deep venous thrombosis in 
detail without unnecessary discomfort to the patient. 
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Oropharyngeal swallowing in normal adults of different ages. 
Robbins J, Hamilton JW, Lof GL, Kempster GB (JR, Dept. of Neurol- 
ogy, University of Wisconsin, Madison, WI). Gastroenterology 
103:823-829, 1992 


In an effort to evaluate the effect of normal aging on oropharyn- 
geal events of swallowing, 80 normal volunteers, stratified by gen- 
der into four age groups, were studied. Liquid and semisolid 
swallows were performed and recorded simultaneously using vide- 
ofluoroscopy and manometry. Several parameters, including total 
duration of oropharyngeal swallowing, were significantly longer in 
the oldest age group than in any other age group. A delay in initia- 
tion of maximal hyolaryngeal excursion primarily accounted for the 
longer durations with increased age. Significant durational changes 
also were found as a function of bolus consistency and presence or 
absence of the manometry tube. Females had a longer duration of 
upper esophageal sphincter (UES) opening. The amplitude of pha- 
ryngeal pressures, duration of peak pharyngeal pressures, and rate 
of propagation of the contractions were not significantly different for 
age, gender, or consistency of bolus. No significant differences were 
found between age groups or between genders in UES pressure. 
Normal aging affects some parameters of swallowing, while others 
are preserved. 


Reprinted with permission by the American Gastroenterological 
Association. 


A wave of inhibition precedes primary peristaltic contractions 
in the human esophagus. Sifrim D, Janssens J, Vantrappen G 
(DS, Centre for Gastrointestinal Research, Dept. of Medical 
Research, University of Louvain, Louvain, Belgium). Gastroenterol- 
ogy 103:876-882, 1992 


Animal studies have shown that primary esophageal peristalsis is 
preceded by a wave of inhibition spreading rapidly down the esoph- 
agus and lasting longer in more distal segments. In humans, its 
presence in the esophageal body cannot be demonstrated mano- 
metrically because of the absence of tone. To study deglutitive inhi- 
bition in humans, an artificial high-pressure zone was created by 
inflating an intraesophageal balloon to a critical level. The pressure 
changes at the interface between the balloon and the esophageal 
wall at various levels along the esophagus were measured. In this 
artificial high-pressure zone, deglutition induced a relaxation begin- 
ning simultaneously at various levels of the esophagus but lasting 
progressively longer in progressively more distal segments. Latency 
from onset of deglutition to onset of relaxation at 13 cm and 8 cm 
above the lower esophageal sphincter and at the lower esophageal 
sphincter was 0.06 + 0.19 seconds, 0.10 + 0.31 seconds, and 0.89 + 
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0.53 seconds, respectively; latency to contraction was 4.45 + 0.54 
seconds, 6.04 + 0.79 seconds, and 9.14 + 1.04 seconds, respec- 
tively. This is the first direct evidence that deglutition produces in the 
human esophagus a wave of inhibition that precedes the primary 
peristaltic contraction. 


Reprinted with permission by the American Gastroenterological 
Association. 


Clinical Orthopaedics and Related Research 


Staging and treatment of primary and persistent (recurrent) 
osteoid osteoma: evaluation of intraoperative nuclear scan- 
ning, tetracycline fluorescence, and tomography. Lee DH, 
Malawer MM (DHL, Division of Orthopedic Surgery, University of 
Alabama at Birmingham, 1813 Sixth Ave., S., 507 MEB, Birming- 
ham, AL 35233). Clin Orthop 281:229-238, Aug. 1992 


The purposes of this study were (1) to evaluate the various meth- 
ods of preoperative staging of osteoid osteomas, (2) to compare the 
different methods of intraoperative localization and excision of the 
tumor, and (3) to develop a clinical strategy for the treatment of per- 
sistent (recurrent) lesions. From 1978 until 1986, 14 consecutive 
patients had excision of osteoid osteomas. All patients’ operative 
reports, roentgenograms, bone scans, computed tomographic 
scans and histologic studies were reviewed. With an average follow- 
up period of 94.5 months, 13 of 14 patients were cured with one 
operative procedure. One patient required two procedures. No 
patient developed a recurrence. Eleven of 14 niduses were con- 
firmed on hematoxylin and eosin sections. Computed tomographic 
scan was the most useful preoperative study in localizing the nidus. 
It helped determine the surgical approach and the portion of bone to 
be resected. Intraoperative nuclear scanning (IONS) is a reliable 
technique in confirming complete removal of the nidus, with no 
increase in operative time. Intraoperative scanning did not apprecia- 
bly affect the amount of bone resected. Recurrent tumors can be 
reliably resected, with a high cure rate, by careful preoperative stag- 
ing and with use of IONS. 


The Journal of Pediatrics 


Renovascular disease in childhood. Deal JE, Snell MF, Barratt 
TM, Dillon MJ (JED, Dept. of Paediatric Nephrology, Guy’s Hospital, 
St. Thomas’ St., London SE1 9RT, United Kingdom). J Pediatr 
121:378-384, 1992 


Fifty-four children referred for investigation of hypertension has 
renovascular disease. In eight patients it was associated with neu- 
rofibromatosis, in three with idiopathic hypercalcemia of infancy, and 
in five cases it followed an arteritic illness. Fibromuscular dysplasia 
was the underlying abnormality in the majority of cases (46%). 
Twenty-six patients (48%) were first seen with accelerated hyper- 
tension; 38 children (70%) had bilateral renal arterial disease, and in 
41 (76%), disease of the small intrarenal vessels was found. Renal 
vein renin ratios indicated unilateral disease in 31 cases; the results 
correlated with arteriography findings in 32 (62%) of 51 patients. 
Eleven children also had the middle aortic syndrome, and 9 of 16 
patients, investigated by cerebral arteriography because of cranial 
bruits or focal neurologic signs, had cerebral vascular abnormalities. 
Twenty patients were treated surgically—10 by reconstructive pro- 
cedures, 11 by nephrectomy or heminephrectomy, and 6 by translu- 
minal angioplasty. Of these, 9 (45%) are normotensive with no 
treatment, 10 have a decreased requirement for antihypertensive 
drugs, and 1 had no improvement. Thirty-four patients were treated 
medically because of the extent of their disease; two patients have 
died of hypertensive complications. We conclude that renal vascular 
disease in children is often widespread, may be associated with 
intracerebral vascular disease, frequently affects both kidneys, 
including both intrarenal and extrarenal vessels, and is therefore not 
always amenable to surgical intervention and cure. 
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Tibia vara: a complication of adolescent obesity. Henderson RC 
(RCH, Dept. of Pediatrics, University of North Carolina, 237 Burnett- 
Womack Bldg. 229H, Campus Box 7055, Chapel Hill, NC 27599). J 
Pediatr 121:482—486, 1992 


Tibia vara is characterized by inhibited growth of the medial por- 
tion of the proximal tibial growth plate, leading to progressive bow- 
leg deformity. Twenty-nine adolescent patients with this condition 
were reviewed: all were black, 27 (93%) were male, and 19 (66%) 
had only one side affected. Progressive deformity rather than knee 
discomfort was the most common presenting complaint. The defor- 
mity reportedly developed rapidly during the adolescent growth 
spurt. The body weights of these patients exceeded the 95th per- 
centile for age and gender by an average of 43 kg. The absence of 
significant symptoms and a body habitus that obscured the defor- 
mity often resulted in delayed diagnosis. Physicians involved in the 
care of obese black male adolescents should carefully examine 
them for tibia vara, which has a reported prevalence of 2% to 3% in 
this population. Treatment options are severely restricted if the con- 
dition is not diagnosed early. 


Surgery, Gynecology and Obstetrics 


Surgical treatment for cholelithiasis. Herzog U, Messmer P, Sut- 
ter M, Tondelli P (UH, Dept. of Surgery, St. Claraspital, CH-4016, 
Basel, Switzerland). Surg Gynecol Obstet 175:238-292, 1992 


In a retrospective study, the results of 1,631 consecutive opera- 
tions for cholelithiasis were analyzed. With an overall mortality rate 
of 0.18 percent and a reoperation rate of 1.3 percent, conventional 
cholecystectomy proved to be a safe method. Mortality proved to be 
age dependent, with a zero mortality rate for patients less than 60 
years of age. Choledochotomy has a 13-fold greater mortality rate 
than simple cholecystectomy (0.92 versus 0.07 percent). For acute 
cholecystitis, we observed an unusual zero mortality rate, whereas 
the mortality rate in chronic cholecystitis was 0.2 percent. All three 
patients who died had an accompanying cirrhosis of the liver. Mor- 
bidity, defined as reoperation during the same period of hospitaliza- 
tion, was mainly the result of retained stones after choledochotomy; 
endoscopic papillotomy was the treatment of choice. Cholecystec- 
tomy remains the “gold standard” in the treatment of cholelithiasis. 


Journal of Ultrasound in Medicine 


Longitudinal evaluation of uterine myoma growth during preg- 
nancy: a sonographic study. Rosati P, Exacoustos C, Mancuso S 
(PR, Dept. of Obstetrics and Gynecology, Universita Cattolica del 
Sacro Cuore, L. Go A Gemelli 8, Rome 00168, Italy). J Ultrasound 
Med 11:511-515, Oct. 1992 


Thirty-six pregnant women with a single uterine myoma were 
examined by ultrasonography at 2 to 4 week intervals. The initial 
diagnosis was made in 12 patients before pregnancy and in the 
other 24 patients between 9 and 12 weeks of gestation. Thirty-four 
women had a scan 4 weeks after delivery. A reduction in size was 
observed in puerperium, which may indicate a return to its initial vol- 
ume. Myoma growth was analyzed in different periods of gestation. 
An increase in volume during pregnancy was observed in 31.6% of 
cases. A statistically significant change in volume was noted 
between the first and the third trimesters (P < 0.001). The greatest 
increase in volume of myomas occurred before the 10th week of 
gestation. The relationship between myoma volume and myoma 
growth in the different gestational periods considered was not statis- 
tically significant. On the other hand, when myoma volume was 
related to complications during pregnancy or at delivery, a statisti- 
cally significant difference was observed. Myomas with volumes 
greater than 200 cm? show a higher rate of complications than 
those with volumes equal to or less than 100 cm. 


Reprinted with permission by the American Institute of Ultrasound in 
Medicine. 
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Journal of Computer Assisted Tomography 


Abdominal CT scans in patients with blunt trauma: low yield in 
the absence of clinical findings. Fried AM, Humphries R, Scho- 
field CN (AMF, Dept. of Diagnostic Radiology, Albert B. Chandler 
Medical Center, 800 Rose St., HX317, Lexington, KY 40536-0084). 
J Comput Assist Tomogr 16(5):717-721, Sept./Oct. 1992 


This study undertook to determine the yield of abdominal CT 
scans ordered only because the patient's sensorium was decreased 
or general anesthesia was planned. The abdominal CT scans and 
hospital charts of 191 consecutive patients examined following blunt 
trauma were reviewed with respect to clinical indications prompting 
the study. In 143, some clinical or laboratory justification was in evi- 
dence. In this group, 55 patients (88.5%) were found to have 
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trauma-related pathology at CT scan. In 48 patients, no clinical or 
laboratory suggestion of abdominal pathology was evident. Instead, 
the primary indications for ordering the CT scan were decreased 
sensorium (28 cases), the planning of general anesthesia for ortho- 
pedic procedures (8 cases), and a variety of non-abdominal-trauma- 
related reasons. In this group, only a single positive finding was 
identified (small pneumothorax), and in no case was the clinical 
course altered by findings at abdominal CT scan. Performance of 
abdominal CT scans without clinical or laboratory evidence of 
trauma, merely because of decreased patient sensorium or prophy- 
lactically prior to general anesthesia for non-abdomen-related sur- 
gery, is an extremely low yield study and should be discouraged. In 
the current study, no significant abdominal pathology would have 
been overlooked by omission of such scans. Similar findings have 
been reported in children. To our knowledge, this is the first such 
report in a largely adult population. 











AFIP Neuropathology Review Course 


The Armed Forces Institute of Pathology (AFIP) and the Ameri- 
can Registry of Pathology are cosponsoring the 14th annual AFIP 
Neuropathology Review Course, Jan. 17-22, at the Hyatt Regency, 
New Orleans. Basic neuropathology and recent developments in 
the pathophysiology of neurologic disorders will be discussed. Fee: 
Dept. of Defense employees, full-time employees of the Dept. of 
Veterans Affairs, and commissioned officers of the Public Health 
Service, $225; all others, $530. Information: Education Division, 
Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
telephone: (301) 427-5231; fax: (801) 427-5001. 


Conference on Breast Cancer in Younger Women 


The Clinical Investigations Branch, Cancer Therapy Evaluation 
Program, National Cancer Institute, is sponsoring a conference on 
Breast Cancer in Younger Women, Jan. 28-29, at the National Insti- 
tutes of Health, Bethesda. The purpose of the conference is to fos- 
ter an understanding of breast cancer in younger women. Persons 
from a variety of disciplines will gather to determine strategies for 
future research. Deadline for registration: Jan. 15. Fee: $50. Infor- 
mation: Carmen L. Warren or Peggy Sweitzer, TASCON, Inc., 7101 
Wisconsin Ave., Ste. 1125, Bethesda, MD 20814; telephone: (301) 
907-3844; fax: (301) 907-9655. 


AFIP Neuroradiology Review Course 


The Armed Forces Institute of Pathology (AFIP), the American 
Registry of Pathology, and the American College of Radiology are 
sponsoring the 8th annual AFIP Neuroradiology Review Course, 
Feb. 27-28, at the Hyatt Regency Bethesda, Bethesda, MD. The 
course will review basic concepts in neuroradiology, with an empha- 
sis on pathologic correlation and pathophysiology. Course directors: 
James G. Smirniotopoulos and Frances M. Murphy. Category 1 
credit: approximately 12 hr. Information: Education Division, Armed 
Forces Institute of Pathology, Washington, DC 20306-6000; tele- 
phone:(301) 427-5231; fax: (301) 427-5001. 


First Pittsburgh Symposium in Diagnostic Imaging 


The Western Pennsylvania Hospital is sponsoring the First Pitts- 
burgh Symposium in Diagnostic Imaging, March 11-13, at the Wes- 
tin William Penn Hotel, Pittsburgh. The symposium will address the 
latest developments in abdominal CT, musculoskeletal MR imaging, 
gastrointestinal radiology, chest radiology, and neuroradiology. Pro- 
gram directors: Kathleen M. Harris, Ellen B. Mendelson, ingrid E. 
Naugle, and William R. Poller. Faculty: C. A. Helms, E. Kanal, E. K. 
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Kazam, R. E. Latchaw, |. Laufer, and S. S. Sagel. Category 1 credit: 
22.5 hr. Fee (through Feb. 13/after Feb. 13): physicians, $495/$525 
for entire course, $175/$200 for one day; fellows, residents (letter 
required), and technologists, $300/$350 for entire course, $125/ 
$150 for one day. Information: MaryAnn Cooper, Dept. of Continu- 
ing Medical Education, West Penn Hospital, 4800 Friendship Ave., 
Pittsburgh, PA 15224; telephone: (412) 578-5337; fax: (412) 578- 
5479. 


Focus on Hemodialysis Access 


The Dept. of Radiology, University of California, San Diego, 
School of Medicine, is sponsoring Focus on Hemodialysis Access: 
Creation, Maintenance, and Salvage, March 13, at the Le Meridien 
Hotel, Coronado, CA. The course, which is designed for nephrolo- 
gists, vascular surgeons, and interventional radiologists, will explore 
dialysis from a vertical interdisciplinary approach. Topics will include 
thrombolysis, angioplasty, atherectomy, and stenting of dialysis (and 
other) conduits. Category 1 credit: 6.5 hr. Fee: $75. Information: 
Conference Management Associates, P. O. Box 2586, La Jolla, CA 
92038; (619) 454-3212. 


Society of Thoracic Radiology Annual Meeting 


The Society of Thoracic Radiology will hold its annual meeting 
March 14~19 at the Westin Resort Hotel, Hilton Head Island, SC. 
Program director: Robert Pugatch. Category 1 credit: 27 hr (pend- 
ing). Fee: $595. Information: Dawne Ryals and Associates, P. O. 
Box 1925, Roswell, GA 30077-1925; telephone: (404) 641-9773; 
fax: (404) 552-9859. 


Challenges in Sonographic Imaging: 1993 


The Dept. of Radiology, University of California, San Diego, 
School of Medicine, is sponsoring Challenges in Sonographic Imag- 
ing: 1993, March 25-28, at the Westin Resort Hotel, Hilton Head 
Island, SC. Program directors: George R. Leopold and Sandra 
Hagen-Ansert. Category 1 credit: 21 hr. Fee: physicians, $475; resi- 
dents, fellows, and technologists, $350. information: Dawne Ryals 
and Associates, P. O. Box 1925, Roswell, GA 30077-1925; tele- 
phone: (404) 641-9773; fax: (404) 552-9859. 


Society of Breast imaging Annual Meeting 


The Society of Breast Imaging will hold its ist annual meeting 
April 14-18 at the Ritz-Carlton Resort Hotel, Amelia Island, FL. Pro- 
gram directors: Lawrence Bassett and Valerie P. Jackson. Category 
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1 credit: 25 hr. Fee: society members and fellows, $575; nonmem- 
ber physicians, $650; residents and fellows in training, $350. Infor- 
mation: Dawne Ryals and Associates, P. O. Box 1925, Roswell, GA 
30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Residents’ Radiology Review Course 


The Dept. of Radiology, University of California, San Diego, 
School of Medicine, is sponsoring the 13th annual Residents’ Radi- 
ology Review Course, April 18-23, at the Hotel Del Coronado, San 
Diego, CA. The course will review all pertinent and essential facts in 
all major fields of diagnostic radiology. Program directors: Anne 
Roberts and Giovanna Casola. Category 1 credit: 41 hr. Fee: physi- 
cians, $600; residents, $450. Information: Dawne Ryals and Associ- 
ates, P. O. Box 1925, Roswell, GA 30077-1925; telephone: (404) 
641-9773; fax: (404) 552-9859. 


Principles and Practice of Clinical MRI 


The Dept. of Radiology, Division of Magnetic Resonance Imag- 
ing, The Johns Hopkins University School of Medicine, is sponsor- 
ing Principles and Practice of Clinical MRI, April 22-25, at the 
Stouffer Harborplace Hotel, Baltimore. Information: Program Coordi- 
nator, The Johns Hopkins Medical Institutions, Office of Continuing 
Education, Turner Bldg., 720 Rutland Ave., Baltimore, MD 21205; 
(410) 955-2959. 


University of Florida Radiology Review Course 


The University of Florida is sponsoring the 5th annual Radiology 
Review Course, May 1-6, at the Hyatt Orlando, Orlando, FL. The 
course is designed for senior residents and practicing radiologists 
who desire a comprehensive review of diagnostic radiology. Pro- 
gram director: Pablo R. Ros. Category 1 credit: 36.5 hr. Fee: physi- 
cians, $475; residents, fellows, and military personnel, $375. 
Information: Dawne Ryals and Associates, P. O. Box 1925, Roswell, 
GA 30077-1925; telephone: (404) 641-9773; fax: (404) 552-9859. 


Cleveland Radiological Society Officers 


` The officers of the Cleveland Radiological Society for the year 
1992-1993 are Craig Irish, president; Gary Lammer, president- 
elect; Bradford Richmond, secretary-treasurer; Alan Cohen, Charles 
Lanzieri, and Ronald Lorig, program directors; and David Einstein, 
James Lieberman, and Wendy Shaw, members-at-large. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Sept. 23~24. Oral examinations will be held at the 
Executive West Hotel in Louisville, KY, June 7-10. The ABR will 
accept applications for admission to the examinations after July 1, 
but not later than Sept. 30, in the year preceding the year in which 
the examination is to be taken. For application forms and further 
information: Office of the Executive Director, The American Board of 
Radiology, 2301 W. Big Beaver Rd., Ste. 625, Troy, MI 48084. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 
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Visiting Fellowships in Interventional times 
arranged, Baltimore (Sept 1992) 
Preceptorships in Ultrasound, 
(Sept 1992) 

Postgraduate Imaging Seminar, Dec. 28, 1992—-Jan. 1, 1993, 
Maui, HI (Sept 1992) 

Holiday imaging Update, Dec. 28, 1992-Jan. 1, 1993, Aspen, CO 
(Sept 1992) 

The Complete MRI Course, Jan. 4-8, Maui, HI (Sept 1992) 
Musculoskeletal MR Course, Jan 4-8, Naples, FL (Oct 1992) 
Society of Uroradiology Annual Meeting, Jan. 9-15, Naples, FL 
(Oct 1992) 

Advanced Seminars in Diagnostic Imaging, Jan. 13-15, Feb. 
24-27, and April 15-17, Laguna Niguel, CA (Nov 1992) 

Robert D. Moseley, Jr. Award, deadline for submissions, Jan. 15 


Radiology, 


times arranged, Baltimore 


(Oct 1992) 

Midwinter Radiological Conference, Jan. 15-17, Los Angeles 
(Dec 1992) : 
Interventional Radiology Update, Jan. 16-17, Laguna Niguel, CA 
(Oct 1992) 


Society of Gastrointestinal Radiologists Annual Meeting, Jan. 
17-22, Scottsdale, AZ (Sept 1992) 
Neuroradiology Update, Jan. 
(Oct 1992) 

Breast Imaging Update, Jan. 21~24, Laguna Niguel, CA 
(Oct 1992) 

Seminars in MRI, Jan. 23-30, Vail, CO (Nov 1992) 

Breast Imaging Course, Jan. 25-28, Naples, FL (Oct 1992) 
International Symposium on MR Imaging, Jan. 27-31, Garmisch- 
Partenkirchen (Bavaria), Germany (Oct 1992) 

Big Sky Radiology Conference, Jan. 31-Feb. 4, Big Sky, MT 
(Nov 1992) 

Computed Body Tomography 1993—The Cutting Edge, Feb. 4— 
7, Orlando, FL (Oct 1992) 

U. B. C. Practical Radiology at Whistler, Feb. 6-12, Whistler/ 
Blackcomb Mountain, B.C. (Oct 1992) 

Current Topics in Diagnostic Imaging, Feb. 8-12, Cerromar 
Beach, Puerto Rico (Nov 1992) 

Duke Radiology Winter Postgraduate Course, Feb. 8-12, Aspen, 
CO (Dec 1992) 

Diagnostic Imaging Update, Feb. 15-19, Palm Beach, FL 


18-20, Laguna Niguel, CA 


(Oct 1992) 

Sun Valley Imaging Meeting, Feb. 20-27, Sun Valley, ID 
(Oct 1992) 

Intermountain Imaging Conference, Feb. 20-27, Snowmass, CO 
(Nov 1992) ; 


MRI Update 1993, Feb. 22-26, La Quinta, CA (Oct 1992) 
Diagnostic Imaging Update, Feb. 22~26, Maui, HI (Oct 1992) 
Magnetic Resonance Imaging, Feb. 22-26, Naples, FL. (Oct 1992) 
Positron Emission Tomography, Feb. 28-March 2, Dana Point, 
CA (Oct 1992) 

Society of Computed Body Tomography and Magnetic 
Resonance Annual Course, March 1-5, Lake Buena Vista, FL 
(Nov 1992) 

Musculoskeletal Imaging for Orthopedic Surgeons and General 
Radiologists, March 1-5, St. Thomas, U.S.: Virgin Islands 
(Nov 1992) 

International Course on Epidemiology of Nutrition and Cancer, 
March 1-12, Lyon, France (Dec 1992) 

San Diego Postgraduate Magnetic Resonance Imaging Course, 
March 8-12, San Diego (Nov 1992) 

PET and SPECT Imaging of Living Brain Chemistry, March 10- 
12, Baltimore (Nov 1992) 

Interactive Surgery and Imaging of Paranasal Sinuses, Skull 
Base, Brain, and Spine, March 14-17, Snowmass Village, CO 
(Dec 1992) 
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MRI Workshop in Hawaii, March 21-16, Maui, HI (Nov 1992) 
Orthopedic Radiology, March 22-24, Boston (Dec 1992) 
International Diagnostic Course in Davos, March 27-April 2, 
Davos, Switzerland (Oct 1992) 

Ultrasound 1993, March 28-31, Boston (Dec 1992) 

General Radiology Review Course, March 28-April 2, Marina Del 
Rey, CA (Dec 1992) 

National Council on Radiation Protection and Measurements 
Annual Meeting, April 7-8, Arlington, VA (Dec 1992) 

Clinical Nuclear Medicine 1993, April 13-16, Boston (Dec 1992) 
CIRSE and SCVIR Annual Meeting, June 20-25, Budapest, 
Hungary (Oct 1992) 

World Association of Sarcoidosis and Other Granulomatous 
Disorders Meeting, Sept. 8—11, Los Angeles (Nov 1992) 
International Society of Lymphology Congress, Sept. 20-26, 
Washington, DC (Dec 1992) 


NEWS 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double-spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, category 
1 credit, and address and telephone number for additional infor- 
mation. Faculty from the host institution will not be listed. Guest 
faculty names will appear only if initials are provided. Mail news 
items to AJR Editorial Office, 2223 Avenida de la Playa, Suite 
103, La Jolla, CA 92037-3218. 
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1993 ARRS RESIDENTS IN RADIOLOGY AWARDS 


President’s Award 


The winner of the President’s Award will be pre- 
sented a certificate and receive an honorarium of 
$2,000. 


RULES AND REGULATIONS 


Papers must be submitted on the clinical applica- 
tion of the discipline of radiology and radiological 
science. 


The event is open to residents in radiology and 
radiological sciences. If not the sole author, it is 
expected that the resident will have performed the 
majority of the work and be the senior author. 


Manuscripts should not exceed 5,000 words and 
10 illustrations. 


Executive Council Awards 


E The two winners of the Executive Council Award 
will each receive a certificate and an honorarium 
of $1,000. 


E Winners will be announced by March 16, 1993. 


E Papers will be presented at the American Roent 
gen Ray Society 93" Annual Scientific Meeting at 
the San Francisco Marriott, San Francisco, CA, 
April 25-30,1993, and be submitted for publica- 
tion to the American Journal of Roentgenology. 


Manuscripts will be returned to candidates not 
receiving awards. 





DEADLINE 


Four copies of the paper and four packages of the 
illustrations should be submitted no later than 
February 12, 1993, to: 





Nancy O. Whitley, M.D. 

Chairman, Committee on Education & Research 
American Roentgen Ray Society 

1891 Preston White Drive 

Reston, Virginia 22091 











American Roentgen Ray Society 














Mark Your 
Calendar Now! 


a 
april 2A 





he American Roentgen Ray Society 

will return to San Francisco in 1993, 

and plans are already underway for 
what promises to be an educationally fulfilling 
and socially enjoyable week in the city by the 
bay. Look for the San Francisco logo in the 
next several issues of the AJR for updated 
meeting information. 
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93"? Annual Meeting, San Francisco, CA 


Categorical Course 

The topic of the 1993 Categorical Course is Ultrasound. 
A summary of topics and faculty for this course will appear 
in the February 1993 issue of the AJR. 


Refresher Courses 

Plans are underway to present at least 60 instructional 
courses on various topics of interest to the radiology com- 
munity. A summary of these courses will be included in the 
February AJR. Early registration is strongly suggested, as 
these courses fill up quickly. 


Residents’ Award Papers 

The society offers three cash awards for the best scientific 
papers prepared by residents in radiology. The President’s 
Award has a cash prize of $2,000, and there are two Execu- 
tive Council Awards with a cash prize of $1,000 each. The 
winners of these three awards are invited to present their 
papers during the opening ceremonies at the annual meet- 
ing. Papers must be submitted by February 12, 1993, for 
consideration in this competition. For additional informa- 
tion on these awards, contact the ARRS administrative 
offices at 1-800-438-2777. 


Local Arrangements 

The San Francisco area offers many opportunities for 
sightseeing, shopping and entertainment. Check the Febru- 
ary AJR for detailed information on local tours developed 
especially for ARRS meeting attendees. 


Registration and Hotel Reservations 

All meeting activities will take place in the beautiful new 
San Francisco Marriott, centrally located on Market Street. 
The society has negotiated special room rates for meeting 
attendees, and the February AJR will contain meeting regis- 
tration and hotel reservation forms. As in previous years, 
early registration is strongly suggested. 


Travel 

The society will make arrangements with United Airlines 
and a major car rental firm for preferred rates for meeting 
attendees. Taking advantage of these special rates benefits 
both you and the society - you save money on your reserva- 
tions, and the society receives discounts to send staff and 
supplies to the meeting. Plan now to check the February 
issue of the AJR for details. 





Classified Advertisements 


Positions Available 


GADSDEN RADIOLOGY ASSOCIATES is a 3- 
member radiology group seeking a fourth board- 
certified/eligible radiolagist. Gadsden Radiolagy 
covers Baptist Memorial Hospital, a 250-bed 
hospital performing more that 55,000 radiologic 
exams/yr. All radiologic modalities are available, 
including state-of-the-art CT, SPECT, nuclear 
medicine, special procedures, and MRI. Gads- 
den Radiology Associates also covers their pri- 
vate office, imaging center, and a breast center. 
Teleradiography is used for call. Gadsden, AL, is 
a safe, clean city centrally located on the Coosa 
River approximately 1 hr from Birmingham, 90 
Min. from Chattanooga, and 2 hrs from Atlanta, 
GA, Salary and vacation are excellent. Health 
insurance and malpractice is paid. Interested 
candidates contact Homer A. Spencer, M.D., 
401 Bay Street, Gadsden, AL 35999; (205) 543- 
3200, or fax (205) 546-7908. 7—-Tap 


CENTRAL WISCONSIN—Established radiology 
group in independent practice is seeking 2 addi- 
tional radiologists for growing practice in central 
Wisconsin. All imaging modalities. Competitive 
first yr salary with full partner status available 
second yr. Full benefits. Excellent schools, rec- 
reation, and quality of life. Contact David E. 
Enerson, M.D., 900 tilinois Ave., Stevens Point, 
WI 54481; (715) 346-5140 or Andrew M. Lucas, 
M.D., 410 Dewey St., Wisconsin Rapids, WI 
54495-8080; (715) 423-6060. 12xa 


MAINE—BC/BE diagnostic radiologist with MRI 
and/or interventional skills. Join well-established 
multidimensional group. Associate leading to 
partnership. Competitive financial package. 
Family oriented small city. Business and cultural 
center. Major university. One hr to coast. Easy 
access to ski areas. Send CV to New England 
Health Search, 63 Forest Ave., Orono, ME 
04473; (207) 866-5680. 12xa 


PARTNERSHIP POSITION IN PALM 
SPRINGS, CA—Well-established, 9-member 
group has openings for 2 board-certified radiolo- 
gists. A physician with a strong background in 
MRI is sought as director of the section of MRI. 
The other position requires a physician with 
mammography experience to direct imaging in 
the breast health section of a new comprehen- 
sive cancer center. The group covers a 350-bed 
hospital and 2 offices in a desirable, rapidly 
expanding area of southern California. MRI facil- 
ities include 1.5-T Picker Vista HPQ with MRA 
package, ViStar imaging computer, and 1.5-T 
GE Signa. Other equipment includes 3 CT, a 
Cemax image processor, 2 Acuson color-flow 
Doppler ultrasound, 4 nuclear cameras including 
2 SPECT, and all other diagnostic modalities. 
Ground has just been broken on a new 25,000 
sq. ft. radiology wing, which will be furnished 
with state-of-the-art equipment. New trauma 
center, cancer center, and rehab hospital being 
built. Excellent compensation and benefits pack- 
age leading to full partnership. Beaches and 
large-city amenities of Los Angeles only 2 hrs 
away. Yr-round sunny weather. Ample free time 
to enjoy southern California and the unparal- 
leled recreational opportunities offered by the 
resort community of Palm Springs. Direct inquir- 
ies to Curtis E. Manning, M.D., Desert Hospital, 
Dept. of Radiology, 1150 N. Indian Canyon Dr., 
Palm Springs, CA 92262. 12xa 


SUPERB PARTNERSHIP POSITION IN LAS 
VEGAS—Rapidly expanding 7-member group 
practice covering 2 full-service imaging centers 
and a small hospital has an immediate opening. 
We are looking for an additional board-certified 
radiologist with an uncommon dedication to 
excellence in patient care. Our outpatient facili- 
ties include 2 MR, 2 CT, angio with a 4-bed 
recovery area, 5 ultrasound, 5 mammography, 3 
SPECT, plus R&F. This is an excellent opportu- 
nity for a partnership position with a well- 
respected group in a growing community. 
Please send CV to Dr. Mark Winkler, SDMI, 
2950 S. Maryland Pkwy., Las Vegas, NV 89109. 
3-2ap 


SAN ANTONIO, TEXAS—Large group covering 
multiple hospitals and outpatient facilities seeks 
radiologists with angiography skills. Send CV to 
Search Committee, M&S X-Ray Associates, 
P.O. Box 15920, San Antonio, TX 78212-9510. 
7-12ap 


SOUTH CENTRAL FLORIDA-—immediate 
opening for board-certified (or eligible with inten- 
tion to certify), Florida licensed general diagnos- 
tic radiologist. Four radiologists are now 
covering 3 hospitals totaling 250 beds as well as 
private diagnostic office with mammography. 
Onsite MRI at 1 hospital and mobile unit at 
another. Expertise in all modalities including 
interventional and angiography. Competitive 
package including early partnership. Send CV to 
Lawrence S. Ross, M.D., Radiology Consult- 
ants, PA., 114 Medical Center, Sebring, FL 
33870. 12xa 


CENTRAL NEW JERSEY, IMMEDIATE OPEN- 
iING—Full-time and part-time radiologists with 
fellowship training or equivalent experience in 
vascular/interventional and/or in MR imaging to 
join 6-member group. Must be willing to do other 
aspects of diagnostic radiology, mammography, 
ultrasound, CT, and nuclear medicine. Practice 
includes a 340-bed community hospital, a pri- 
vate radiology office, and an MRI facility. Area is 
within a 10-mi. radius of Princeton and is near 
New York City and Philadelphia. Competitive 
salary, excellent benefits, and partnership 
opportunity. Send CV or call Margaret M. Beck, 
Business Manager, 2127 Hamilton Ave., Tren- 
ton, NJ 08619; (609) 587-9410. 12xa 


ISRAEL, DIAGNOSTIC RADIOLOGY—Oppor- 
tunities for 3— to 4—wk or longer working vaca- 
tions in a number of Israeli medical centers, on a 
volunteer basis. Positions varied, arrangements 
flexible. For information contact Jonathan H. 
Fish, M.D., 1844 San Miguel Dr., #302, Walnut 
Creek, CA 94596; (510) 947-0560. 11~1xa 


NUCLEAR MEDICINE—RADIOLOGIST— 
CALIFORNIA—Immediate opening for diagnos- 
tic radiologist with nuclear medicine boards or 
special competency in growing private practice 
in the San Fernando Valley 20 minutes north of 
UCLA. Candidate to supervise growth of nuclear 
medicine dept. in addition to general diagnostic 
radiology work. Full partnership tract with excel- 
lent salary. Practice includes hospital and imag- 
ing centers. Group consists of young 
enthusiastic radiologists all with fellowship train- 
ing. Equipment includes Sopha Spect nuclear, 
GE 1.5-T MRI with angio, 2 Acuson ultrasound, 
Siemens Angilostar specials, and 2 Picker 1200 
CT scanners. Send CV to T. Sprague M.D., Holy 
Cross Medical Center, 15031 Rinaldi St., Mis- 
sion Hills, CA 91345;.fax (818) 898-4451. 9-2ap 


DIAGNOSTIC RADIOLOGIST with skills in CT, 
MR, interventional, ultrasound, and nuclear 
medicine needed to join group of 8 board-certi- 
fied radiologists. Growing practice in eastern 
Washington at a 228-bed hospital, a new multi- 
modality imaging center and 1 private office. 
Potential for long-term practice is excellent. Top- 
notch school system, including 3 first-rate uni- 
versities. Excellent hunting, fishing, boating and 
skiing. Contact Eric W. Koelsch, N. 5901 Lidger- 
wood, Ste. 18B, Spokane, WA 99207; (509) 
487-1264. 8-lap 


VASCULARIINTERVENTIONAL  RADIOLO- 
GIST—The University of Arizona Dept. of Radi- 
ology is recruiting a fellowship-trained vascular/ 
interventional radiologist to join the faculty at the 
assistant associate professor level. Facilities at 
the University Hospital (800-bed) and Tucson 
Veteran’s Hospital (300-bed) are state-of-the- 
art. Income is based on AAMC guidelines, but is 
negotiable. Contact Gerald D. Pond, M.D., 
Head, Section of Vascular and Interventional 
Radiology, University of Arizona Health Sci- 
ences Center, Tucson, AZ 85724; (602) 626- 
6794. Women and minorities are encouraged to 
apply. The University of Arizona is an EEO/AA 
employer. Applications will be accepted until 
position is filled. 12xa 


ULTRASOUND/CT/MRI—Opportunity for 
board-certified radiologist specializing in ultra- 
sound, body CT, and body MRI to pursue aca- 
demic career at the New York Hospital-Cornell 
Medical Center. Dept. provides state-of-the-art 
equipment, including Acuson and ATL ultra- 
sound, GE 9800 CT, and GE Signa 1.5-T MR. 
Wide variety of ultrasound examinations include 
abdominal, OB/GYN, color Doppler, smali parts, 
neonatal head, transvaginal, and transrectal. 
Prefer candidate with prior fellowship in sec- 
tional imaging or ultrasound. Responsibilities 
include clinical practice, teaching, and research. 
Position available 7-1-93. Please send CV to 
Elias Kazam, M.D., Dept. of Radiology, New 
York Hospital-Cornell Medical Center, 525 E. 
68th St., New York, NY 10021. 10-la 


INTERVENTIONAL NEURORADIOLOGIST, 
COASTAL VIRGINIA—A 32-physician private 
radiology group which practices in 6 hospitals 
and several offices is seeking an interventional 
neuroradiologist who js eligible for senior mem- 
bership in the American Society of Neuroradiol- 
ogy. The individual’s clinical responsibilities 
would be primarily limited to a 644-bed tertiary- 
care center with level 1 trauma status. Diagnos- 
tic equipment includes 2 state-of-the-art Signa 
1.5-T GE MR scanners (4.79 software and angio 
package), a DFP 60A bi-plane bi-digital 1024 
matrix Toshiba DSA system (with digital stereo 
capabilities), and a Siemens DRH as well as a 
GE 9800 CT scanner. Some time would be 
Spent at a 250-bed hospital with a Hitachi MRP- 
5000 0.2-T MR unit and a GE 9800.CT scanner 
with Hi-Light advantage software. Two (2) year 
fellowship trained neuroradiologists are already 
on staff. The practice is affiliated with a medical 
school and residency program which allows the 
pursuit of academic interests. The practice is 
located in a coastal resort area with a temperate 
climate and all water sports available. Inter- 
ested persons should send a CV or contact Carl 
V. Bundschuh, M.D., Director of Neuroradiology 
and MRI, Medical Center Radiologists, Inc., 
6161. Kempsville Circle, Ste. 330, Norfolk, VA 
23502; (804) 466-0089. 12xa 


AJR 160:223, January 1993 


224 


MAMMOGRAPHER—Large private multi-hospi- 
tal group in a coastal city of Virginia seeks a 
radiologist with special interests in all aspects of 
mammography. The practice includes a tertiary- 
care hospital which is affiliated with both a medi- 
cal school and a radiology residency training 
program, thereby offering the benefits of both 
private practice and academics. The position 
would include directorship of future mammogra- 
phy clinics, Additional aptitude in other aspects 
of diagnostic radiology with specialized and/or 
fellowship training preferred. Interested appli- 
cants please send CV or inquiries to Medical 
Center Radiologists, Halifax Building, Ste. 330, 
6161 Kempsville Circle, Norfolk, VA 23502; 
(804) 466-0089. 12xa 


NW ROCKY MOUNTAINS—Highly respected 8- 
person group with strong subspecialty interests 
seeks highly qualified radiologist. Fellowship or 
academic experience preferred. Body imaging/ 
MRI or nuclear medicine with boards or ABR 
special competency strongly desired. Position 
includes all aspects of radiology. Practice is 
located in Boise, ID , which has many recre- 
ational and cultural amenities. Reply to Paul 
Traughber, M.D., or J. Tim Hall, M.D., Dept. of 
Radiology, St. Alphonsus Regional Medical Cen- 
ter, 1055 No. Curtis Rd., Boise, ID 83706; (208) 
378-2161. 8—1ap 


DIAGNOSTIC RADIOLOGIST, NEW MILFORD, 
CT—A third radiologist is sought for a busy, pri- 
vate practice located in one of the most beautiful 
areas of Connecticut. We provide the full range 
of diagnostic services for a modern, well- 
equipped, community hospital. Choice environ- 
ment; excellent compensation. Send inquiries 
and CV to Jules White, M.D., New Milford Hos- 
pital, 21 Elm St., New Milford, CT 06776; (203) 
355-2611, ext. 235. 10-1a 


EXCITING RADIOLOGIST OPPORTUNITIES 
NATIONWIDE!—Now is the time to make your 
move! ABSOLUTELY NO COST TO YOU. We 
specialize in RADIOLOGY only, so we under- 
stand your needs. Positions from Sunbelt to 
Northern-most regions. Both salaried and pri- 
vate practice opportunities with top money 
offered. Utilizing the Snelling Search Computer 
Network. We know of the positions first and give 
you the inside tracks! Fax your CV to (214) 258- 
1092, or mail to Snelling Search Medical Group. 
1303 Walnut Hill Lane, Ste. 103, Irving, TX 
75038. For information on specific positions call 
toll free (800) 259-5973. Ask for Roman. 12xa 


FACULTY POSITION IN ABDOMINAL IMAG- 
ING—Opportunity for board-certified radiologist 
specializing in abdominal imaging with empha- 
sis on gastrointestinal studies, sonography, and 
abdominal CT and MR to pursue an academic 
career at the New York Hospital-Cornell Medical 
Center. The dept. provides state-of-the-art 
equipment, including fluoroscopy Acuson and 
ATL ultrasound, GE 9800 CT, and GE Signa 1.5- 
T MR. Wide variety of abdominal examinations 
are done. Prefer candidate with prior fellowship 
in sectional imaging CT, MR, or ultrasound. 
Responsibilities include clinical practice, teach- 
ing, and research. Position is available July 1, 
1992. Send CV to Claudia Henschke, Ph.D., 
M.D., Director, Starr 9 Division (GI, GU, Chest), 
Dept. of Radiology, The New York Hospital-Cor- 
nell Medical Center 525 E. 68th St., New York, 
NY 10021. 11-1a 


CLASSIFIED ADVERTISEMENTS 


THE LOUISIANA STATE UNIVERSITY MEDI- 
CAL CENTER is actively seeking candidates for 
ultrasound/CT/MRI, bone, chest, nuclear medi- 
cine, GI, GU, neuroradiology, angiography/inter- 
ventional, emergency room, pediatrics and 
mammography. We are expanding our dept. sig- 
nificantly and are looking for enthusiastic individ- 
uals who want to develop a more expansive 
clinical practice, teaching program and research 
activities. A perfect opportunity to shape your 
own section. Applicants must be BE/BC and 
qualify for licensure in Louisiana. Salaries are 
competitive nationwide. The university is devel- 
oping areas of special interest, including a multi- 
disciplinary center for study of neurosciences 
and plans are underway to purchase all new 
state-of-the-art equipment. Enjoy the cultural 
and jazz music of New Orleans. The beaches of 
Northern Florida are only 3 1/2 hrs away. 
LSUMC is an AA/EOE. Send CV and 3 refer- 
ences to Jane Clayton, M.D., Acting Chairman, 
Dept. of Radiology, LSUMC, 1542 Tulane Ave., 
New Orleans, LA 70112; (504) 568-4647, fax 
(504) 568-8955. 10-1a 


DIAGNOSTIC RADIOLOGIST, HOUSTON, 
TX—18-member private practice group seeks 
BC individual with musculoskeletal or body 
imaging fellowship. State-of-the-art practice in 
1,500-bed teaching hospital with 4 MRI, 5 CT, 7 
ultrasound units. Contact P.C. Smith M.D., The 
Methodist Hospital, 6550 Fannin (ms d-281), 
Houston, TX 77030. 11—4xa 


NEURORADIOLOGIST—A 25-person radio- 
logic group in central New Jersey seeks a fourth 
neuroradiologist well-versed in all neuroimaging 
modalities and procedures. Senior member sta- 
tus eligibility in the ASNR is required. Practice 
includes 2,450-bed hospital, 3 offices, 3 MRI 
scanners, 5 CT scanners, a radiology residency, 
and medical student teaching. Send CV to Rich- 
ard Feinstein, M.D., c/o Kathy McGrath, Radiol- 
ogy Group of New Brunswick, 230 Old Bridge 
Turnpike, South River, NJ 08882. 10-3a 


IMMEDIATE OPENING for full-time or part-time 
board-certified/eligible radiologist(s) to join an 
established 4-man radiology group in the Pacific 
Northwest. All modalities including MRI. Attrac- 
tive salary/benefits; partnership opportunity. 
Community offers quality lifestyle and yr-round 
recreational opportunities. Send CV to Lynn 
Ball, Tri-City Radiology, 969 Stevens Dr., Ste. 1- 
B, Richland, WA 99352. 11-1a 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGIST—The State University of New 
York Health Science Center at Brooklyn seeks a 
board-certified/eligible radiologist with fellowship 
training in interventional radiology for a faculty 
position. The institution is a 1,700-bed facility, 
including the Kings County and the State Uni- 
versity Hospitals. The medical center performs 
approximately 2,000 diagnostic and interven- 
tional procedures including angioplasty, embo- 
lization, caval filters, gastrointestinal, 
genitourinary, and pulmonary interventions. 
When ongoing renovations are complete, there 
will be 5 new vascular digital rooms. Research 
time and facilities are available. Rank and salary 
are commensurate with qualifications. CV 
should be addressed to Salvatore J.A. Sclafani, 
M.D., Kings County Hospital Center, Dept. of 
Radiology, 451 Clarkson Ave., Brooklyn, NY 
11203; (718) 245-4447. An EO/AA. 11—1ap 
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GENERAL RADIOLOGY—Board-certified radi- 
ologist with mammographic experience for out- 
patient facility at the New York Hospital-Cornell 
University Medical College. The dept. provides 2 
state-of-the-art (GE-CGR) | mammographic 
units, an Acuson ultrasound, modern fluoro- 
scopic and radiographic multi-room facility and 
access to GE Signa 1.5-T MR. Responsibilities 
include clinical practice, resident and medical 
student teaching and academic programs. Facil- 
ity is accredited by ACR in mammography. Qual- 
ification for ACR mammographic certification 
required. Please send CV to Michael D. F. Deck, 
M.D., Acting Chairman, Dept. of Radiology, The 
New York Hospital-Cornell University Medical 
Center, 525 E. 68th St., New York, NY 10021 
AA/EEO 11-1a 


NEURORADIOLOGY, ASST/ASSOC. PRO- 
FESSOR—Board-certified neuro-radiologist 
interested in academic practice with strong clini- 
cal and medical student and resident teaching 
orientation at the New York Hospital-Cornell Uni- 
versity Medical College. The dept. provides 
state-of-the-art equipment with basic research 
opportunities available through Cornell Univer- 
sity Medical College and close affiliation with 
Memorial Sloan Kettering Cancer Hospital and 
Rockefeller University. Senior membership of the 
American Society of Neuroradiology required. 
Please send CV to Robert Zimmerman, M.D., 
Dept. of Radiology, New York Hospital-Cornell 
University Medical Center, 525 E. 68th St., New 
York, NY 10021; (212) 746-2574, fax (212) 746- 
8597. AA/EEO. 11-1a 


PACIFIC NORTHWEST—Opportunity for BC/BE 
general diagnostic radiologists to join group of 5 
board-certified radiologists. Experience in all 
modalities desired. Practice includes 2 hospitals 
and private office in Southern Oregon. Competi- 
tive starting salary with early full partnership. 
Excellent lifestyle with abundant recreational 
activities from Pacific Coast to Oregon Cas- 
cades. Practice in a family-oriented community 
with natural beauty. Send CV to Larry Strickland, 
Administrator, Roseburg Radiologists, P.C., P.O. 
Box 1547, Roseburg, OR 97470; (503) 673- 
4303. 


DIAGNOSTIC RADIOLOGIST, NORTHEAST 
MICHIGAN—Excellent practice opportunity 
available for a diagnostic radiologist to com- 
mence in the autumn of 1992. Alpena Radiology, 
P.C., seeks a BC/BE radiologist to complete our 
3-man group. We offer excellent income, early 
partnership and idyllic lifestyle. We require a 
friendly, hard-working individual who will be a 
team player. The ability to work well with us and 
our excellent medical staff is a must. Alpena 
General Hospital is a modern 175-bed facility 
located on the shores of Lake Huron. The hospi- 
tal provides all radiology equipment including: 
new R&F equipment (G.E.), Siemens CT, 
SPECT nuclear imaging, color flow Doppler, 
DSA, ACR accredited mammography. Siemens 
mobile MRI will commence shortly. The hospital 
administration is very supportive. The Alpena 
area is a sportsman’s paradise. Sailing, boating, 
golf, fishing, hunting, skiing, etc. are all minutes 
away. Our moderate winters and Mediterranean 
summers are ideal. For more information please 
contact Steven Zweig, M.D. or James Weeks, 
M.D., Dept. of Radiology, Alpena General Hospi- 
tal, 1501 W. Chisholm St., Alpena, MI 49707; 
(517) 356-7250. 11-1a 
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TRAUMA RADIOLOGIST—The State Univer- 
sity of New York Health Science Center at 
Brooklyn seeks to add a board-certified/eligible 
radiologist to join the Division of Traumatology at 
Kings County Hospital Center, a 1,300-bed ter- 
tiary facility/Level | Trauma Center with an inter- 
national reputation in trauma services. The 
radiologist is an integral member of the trauma 
service of the dept. of surgery. Opportunities to 
join ongoing clinical investigations of the use of 
radiography, CT, angiography/interventional 
radiology, and ultrasound in the trauma patient 
are available. Academic rank and salary are 
commensurate with experience. CV should be 
addressed to Salvatore J. A. Sclafani, M.D., 
Dept. of Radiology, Kings County Hospital Cen- 
ter, 451 Clarkson Ave., Brooklyn, NY 11203. An 
EO/AA employer. 11-1ap 


STATE COLLEGE, PA—Two positions available 
in private billing, hospital-based group. Mammo- 
radiologist, BC/BE preferable with fellowship to 
run ACR accredited breast center. Will replace 
retiring mammoradiologist currently performing 
6,400 exams/yr. Liberal salary and benefits. No 
call or weekends. General diagnostic radiologist 
BC/BE, competent in all modalities. Salary and 
benefit package well above average. Modern, 
well-equipped hospital including new G.E. 1.5-T 
Signa Advantage MRI. We offer excellent quality 
of life in a beautiful central PA college town, 
home of Penn State U. Send CV to R.A. Rock- 
ower, M.D., Dept. of Radiology, Centre Commu- 
nity Hospital, 1800 E. Park Ave., State College, 
PA 16803; (814) 234-6137. 11-1ap 


DIAGNOSTIC RADIOLOGIST—Mallinckrodt 
Institute of Radiology, Washington University, 
seeks an additional board-certified radiologist 
with academic interest to join 2 radiologists at a 
satellite hospital of Barnes Hospital in St. Louis. 
This satellite radiology facility in St. Louis 
County performs all aspects of diagnostic radiol- 
ogy, including CT, MRI, ultrasound, and nuclear 
medicine. Equipment is brand new and state-of- 
the-art. Candidates must be competent in all 
aspects of diagnostic radiology and must be 
able to do cross-sectional interventional proce- 
dures. Academic rank and salary are dependent 
on qualifications and previous experience. The 
Institute is conducting research in teleradiology 
and outcomes research at the satellite facility. 
Washington University is an equal opportunity 
employer, applications from women and minority 
group members are encouraged. Send CV to R. 
Gilbert Jost, M.D., Chief of Diagnosis, Mallinck- 
rodt Institute of Radiology, 510 S. Kingshighway 
Blvd., St. Louis, MO 63110. 11-1ap 


DIAGNOSTIC RADIOLOGIST—Large private 
multi-hospital group in a coastal resort area of 
Virginia is seeking a BC/BE general diagnostic 
radiologist with proficiency in mammography, 
ultrasound, CT and general diagnostic radiology. 
MRI proficiency would also be helpful. The prac- 
tice includes 5 large hospitals, 2 private offices 
and several outpatient imaging sites. The prac- 
tice is also affiliated with a medical school and 
supports a residency program with 14 residents, 
thereby offering the benefits of both private 
practice and the pursuit of academic interests. 
Fellowship training preferred. Interested appli- 
cants should send their CV to Medical Center 
Radiologists, Inc., Halifax Bldg., Ste. 330, 6161 
Kempsville Circle, Norfolk, VA 23502; (804) 466- 
0089 for further information, 12xa 


CLASSIFIED ADVERTISEMENTS 


RADIOLOGIST NEEDED—Thomaston, GA 
approximately 60 miles south of Atlanta, GA. 
Because of future retirement of a senior partner 
we are looking for a board-certified or eligible 
partner around June or July 1993. Interested in 
someone with special interest in imaging (CT & 
MRI) but at the same time comfortable with 
angiography and general radiology. Excellent 
salary and fringe benefits. Contact Ken Morgan, 
M.D., (706) 647-9745 or 647-1431; Fax (706) 
647-9370. 11-2a 


WATERFRONT, SOUTHERN MICHIGAN—x- 
ray Associates of Port Huron, MI, is seeking a 
seventh BC/BE diagnostic radiologist. Our 3 
hospital-based practice features nuclear medi- 
cine, CT, ultrasound, Doppler, accredited mam- 
mography, and general radiography at all sites. 
Two sites also feature modern cardiovascular 
suites. A tri-hospital MRI center is featured at 
the largest site. Interventional skills are desir- 
able but not mandatory. A hardworking, conge- 
nial, adaptable individual is an ideal candidate 
for our team-oriented radiology practice. Salary 
commensurate with experience, usual benefits, 
partnership in 2 yrs. Our Canadian-border com- 
munity of 40,000 has seen rapid commercial 
growth in spite of the nation-wide recession. We 
have a small town atmosphere, good local 
school system, all water related outdoor activi- 
ties, and most small city amenities. Please send 
CV to Clare A. Scheurer, M.D., 1002 Tenth Ave., 
Port Huron, MI 48060. For more information call 
(313) 987-1237, evenings. 11-4a 


FLORIDA, STAFF RADIOLOGIST—Opportu- 
nity for board-certified/eligible diagnostic radiol- 
ogist with experience in reading plain films, 
fluoroscopy, ultrasound, CT, nuclear medicine, 
and some angiography in radiology service at 
this GM&S Dept. of Veterans Affairs (VA) Medi- 
cal Center. Affiliation in surgery with the Univer- 
sity of Florida. Excellent employment benefits 
including 30 days paid vacation and 15 paid 
days sick leave per yr; liberal life and health 
insurance benefits; malpractice insurance; and 
retirement program. Moving expenses paid. 
Lake City, FL is located in northern Florida with 
a mild climate yr round. Extensive outdoor recre- 
ational activities. Reasonable cost of living, no 
state income tax, fine schools, local community 
college, and nearby universities which provide 
opportunities for continuing education and cul- 
tural diversion. Licensure in any state accept- 
able. Contact or send CV to Richard Parker, 
M.D., Chief of Radiology, VA Medical Center, 
Lake City, FL 32055-5898; (904) 755-3016 ext. 
2543. An equal opportunity employer. 11-5a 


CHEST RADIOLOGIST—Large private multi- 
hospital group in a coastal resort area of Virginia 
is seeking a BC/BE general diagnostic radiolo- 
gist with expertise in pulmonary radiology. The 
practice includes 5 large hospitals, 2 private 
offices and several outpatient imaging sites. The 
practice is also affiliated with a medical school 
and supports a residency program with 14 resi- 
dents, thereby offering the benefits of both pri- 
vate practice and the pursuit of academic 
interests. Fellowship training preferred. Inter- 
ested applicants should please send their CV to 
Medical Center Radiologists, Inc., Halifax Bldg., 
Ste.330, 6161 Kempsville Circle, Norfolk, VA 
23502; (804) 466-0089 for further information. 
12xa 
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MRI/NEURORADIOLOGY/FLORIDA—Private 
MRI center seeks board-certified radiologist with 
MRI experience to oversee and direct diagnostic 
center. Excellent salary, complete benefit pack- 
age and excellent recreational activities in grow- 
ing Ft. Lauderdale community. Reply to Michael 
Abrahams, M.D., 6971 W. Sunrise Blvd., Planta- 
tion, FL 33317; (305) 792-1110. 11-1a 


LOUISIANA—Diagnostic radiologist needed in 
busy practice including all modalities including 
vascular and MRI. Excellent benefits, salary, 
and early partnership. Partner retiring. Univer- 
sity community of 100,000 with abundant out- 
door recreation. CV to Dan Davidson, M.D., 
3000 W. Deborah Dr., Monroe, LA 71201; (318) 
388-7810. 11-1a 


MRI/CT/ULTRASOUND—The State University 
of New York/Health Science Center at Brooklyn 
seeks a board-certified/eligible physician to join 
the faculty in cross-sectional imaging. The medi- 
cal center is a 1,700-bed facility including Kings 
County Hospital and the State University Hospi- 
tal. The medical center performs over 250,000 
diagnostic procedures/yr. Currently 4 state-of- 
the-art CT scanners with a fifth to be installed 
shortly. A GE Signa was recently installed and a 
second is planned. Seventeen ultrasound units 
are in clinical use. Research time and facilities 
are available. The 2 hospitals are connected 
with a PACS System via a microwave link. Rank 
and salary are commensurate with qualifica- 
tions. CV should be addressed to Joshua A. 
Becker, M.D., Professor and Chairman, Dept. of 
Radiology, SUNY/Health Science Center at 
Brooklyn, 450 Clarkson Ave., Brooklyn, NY 
11203. Equal opportunity employer 11—-1ap 


MAMMOGRAPHY/RESEARCH, UNIVERSITY 
OF PENNSYLVANIA—Half-time position in 
mammography or full-time position combining 
clinical mammography and a partially grant- 
funded research program in image perception 
and transmission with Dr. Harold Kundel. High 
volume, rapidly expanding clinical section with 
ongoing problem solving mammography, breast 
ultrasound and needle localizations. Opportuni- 
ties for additional collaborative projects with 
radiation oncology, MRI and surgery. Resident 
and student teaching responsibilities as well as 
participation in outpatient bone and chest radiol- 
ogy. Position available immediately. Applicant 
must be ABR certified and able to obtain license 
in Pennsylvania. University of Pennsylvania is 
an affirmative action, equal opportunity 
employer and specifically encourages applica- 
tions from women and minorities. Send letter 
and CV to Rosalind H. Troupin, M.D., Dept. of 
Radiology, Hospital of the University of Pennsyl- 
vania, 3400 Spruce St., Philadelphia, PA 19104. 
12-2a 


SEATTLE-AREA/TWO POSITIONS—Ten-per- 
son group seeks radiologist with fellowship train- 
ing in ultrasound and body imaging for 200-bed 
hospital and outpatient imaging center. Estab- 
lished practice in Bellevue area. Applicant must 
be board-certified and licensed in Washington 
state. Competitive salaries and excellent bene- 
fits offered. Address inquiries and current CV to 
Eastside Radiology, Dr. Allen, P.O. Box 806, 
Bellevue, WA 98009. Dedicated mammography 
for outpatient practice requires fellowship- 
trained or equivalent experience, board-certified 
and licensed in Washington state. Send inquir- 
ies to above address, Dr. Philip Lowe.12—1a 
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RADIOLOGIST TO HEAD WOMEN’S CLINIC, 
WITH SPECIAL EXPERTISE IN MAMMOGRA- 
PHY AND ULTRASOUND—A regional women’s 
clinic for mammography, breast ultrasound, and 
mammographically controlled needle aspirations 
and biopsies will open soon at John L. McClel- 
lan Veteran's Medical Center in Little Rock, AR. 
A radiologist to head this section is urgently 
needed. That individual will be assigned to cer- 
tain general radiology duties part-time until a 
similar clinic opens at the University of Arkansas 
for Medical Sciences, at which time supervision 
of both women's centers will presumably be a 
full-time position. Applications should be submit- 
ted to University of Arkansas for Medical Sci- 
ences, Ernest J. Ferris, M.D., Professor and 
Chairman, Dept. of Radiology, Slot 556, 4301 W. 
Markham St., Little Rock, AR 72205; (501) 686- 
5740. 12-2a 


VASCULAR AND INTERVENTIONAL RADIOL- 
OGIST—The University of Arkansas for Medical 
Sciences is seeking a faculty member for our 
vascular and interventional radiology section. 
Candidates should be board-certified and fellow- 
ship-trained, and interested in a combined clini- 
cal, teaching and research environment. Clinical 
duties include coverage of a university hospital, 
a large veteran's hospital and a children’s hospi- 
tal. Active vascular and non-vascular research 
programs are in place. Salary and fringe bene- 
fits are competitive. Applications should include 
a current CV. For further information, please 
contact either David R. McFarland, M.D., Chief, 
Section of Vascular and Interventional Radiol- 
ogy, Steven K. Teplick, M.D., Professor and Vice 
Chairman, or Ernest J. Ferris, M.D., Professor 
and Chairman, Dept. of Radiology/556, Univer- 
sity of Arkansas for Medical Sciences, 4301 W. 
Markham, Little Rock, AR 72205; (501) 686- 
6910. 12-2a 


MAINE—BC/BE diagnostic radiologist with 
interventional skills. Join well-established multi- 
dimensional group. Associate leading to partner- 
ship. Competitive financial package. Family- 
oriented small city. Business and cultural center. 
Major university. One hr to coast. Easy access 
to ski areas. Send CV to New England Health 
Search, 63 Forest Ave., Orono, ME 04473; (207) 
866-5680. 12-2ap 


MUSCULOSKELETAL RADIOLOGIST, CHAR- 
LOTTE, NC—A 13-member, subspecialized 
group serving a 660-bed, private community 
hospital, outpatient diagnostic center desires a 
fellowship-trained or staff level musculoskeletal 
radiologist. GE 9800 CT and Signa 1.5-T equip- 
ment. Family-oriented community with warm 4- 
season Climate, centrally located between coast 
and mountains. Send CV to P. O. Box 221211, 
Charlotte, NC 28222. 12-2a 


GENERAL RADIOLOGIST WITH ANGIO/ 
INTERVENTIONAL SKILLS—The Dept. of 
Radiology at Graduate Hospital is looking for a 
general radiologist with a subspecialty interest in 
vascular/interventional radiology. Other special 
interests or experience welcome. The success- 
ful applicant will join a 13-person radiology 
group in a tertiary-care hospital in Center City, 
Philadelphia, affiliated with the University of 
Pennsylvania. A new, state-of-the-art angiogra- 
phy suite has just been installed. Inquiries and 
CVs should be addressed to Jerome G. Jacob- 
stein, M.D., Chairman, Dept. of Radiology, Grad- 
uate Hospital, One Graduate Plaza, 
Philadelphia, PA 19146; (215) 893-2041. 12-2a 


CLASSIFIED ADVERTISEMENTS 


MRI RADIOLOGIST WANTED for private MRI 
facility in beautiful, safe area in New York, close 
to beaches, 50 min. from New York City. Experi- 
ence in MRI interpretation required. New gradu- 
ates with MRI fellowship/background welcome. 
Send CV to AJR Box reply # 12 (see address 
this section) 12-1a 


PRACTICE OPPORTUNITY IN FAST GROW- 
ING LAS VEGAS, NV—Expanding 9-member 
radiology group is seeking 2 additional BE/BC 
radiologists for July 1993. We currently serve 2 
hospitals and 1 outpatient center with 2 addi- 
tional outpatient centers scheduled to open 
within the yr. Outstanding salary and benefits 
package leading to full partnership in 2 yrs. 
Send CV or contact Marc Pomerantz M.D., 
Head of Search Committee, 1925 Spode Ave., 
Henderson, NV 89014; (702) 458-3191. 12-5ap 


RESIDENTS—Due to a recently approved 
expansion of the program, the University of 
Michigan is seeking to recruit radiology resi- 
dents for July 1993 at the second yr level. This 
fully accredited program provides training in all 
imaging modalities at the University of Michigan 
Hospitals and affiliated Veterans Administration 
Medical Center. Applicants must be eligible for 
Michigan licensure. Please forward your CV and 
letter of interest to N. Reed Dunnick, M.D., Pro- 
fessor and Chair, Dept. of Radiology, University 
of Michigan Hospitals, 1500 E. Medical Center 
Dr., Ann Arbor, MI 48109-0030. A nondiscrimina- 
tory, affirmative action employer. 12—-1a 


RADIOLOGIST—Eight-person group seeks 
general radiologist with fellowship training and 
special interest in MRI for 92-bed hospital and 
several imaging centers. Practice in the rapidly 
growing north San Diego and Temecula Valley 
areas. Send CV to North Coast Imaging Radiol- 
ogy Medical Group, Inc., 1582 W. San Marcos 
Blvd., Ste. 104, San Marcos, CA 92069; (619) 
744-6442. 


RADIOLOGIST—Full-time BC/BE, VA Medical 
Center, 165-bed GM & S. Excellent GE equip- 
ment, duplex Doppler, ultrasound, diagnostic 
and fluoroscopic, CT interpretation, state univer- 
sity city and hills and lakes in NW Arkansas, with 
cultural and recreational attractions. Competitive 
salary (approximately $125,000), excellent ben- 
efits/retirement No malpractice insurance 
needed. Basic 40 hr work week. Call Chief of 
Staff, (501) 444-5050. 12-2a 


DIAGNOSTIC RADIOLOGIST—Recent fellow- 
ship or faculty status preferred. Early partner- 
ship. We are a private practice group of 10 
board-certified radiologists practicing general 
radiology with specialty interests accommodat- 
ing all diagnostic and interventional modalities, 
including MRI. Our 350-bed hospital is a primary 
teaching affiliate of the University of Massachu- 
setts Medical School with yr-round medical stu- 
dents and house-staff in several depts. The 
Berkshire Mountains are a desirable summer, 
winter and foliage resort community, less than 3 
hrs drive to Boston, New York City, Vermont ski- 
ing and ocean. Quality of our practice, hospital 
and affiliates offices, and style of life are supe- 
rior. Please respond with CV to Stuart J. Mas- 
ters, M.D., Chairman, Dept. of Radiology, 
Berkshire Medical Center, 725 North St., Pitts- 
field, MA 01201. 12-2cp 
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CONNECTICUT, GENERAL DIAGNOSTIC 
RADIOLOGIST—Opening in July 1993 for BC/ 
BE radiologist. Additional fellowship training may 
be a consideration in selection but is not a 
requirement. Nine-radiologist practice includes a 
430-bed university affiliated, community hospital 
and a 60-physician multispecialty clinic. Approxi- 
mately 110,000 exams/per yr including MRI, CT, 
nuclear medicine, ultrasound and an active 
angiographic and interventional service. Excel- 
lent salary and benefits leading to full partner- 
ship. For more information, send CV to David A. 
Lund, M.D., Dept. of Radiology, New Britain 
General Hospital, 100 Grand St., New Britain, 
CT 06050. 12-3a 


INTERVENTIONAL RADIOLOGIST—Large 
radiology group with a 2-hospital-based practice 
and multiple private offices seeks a board-certi- 
fied interventional radiologist interested in a full- 
time position. Training in CT, ultrasound, MRI 
and/or nuclear medicine is also preferred. Your 
interventional/angiography responsibilities would 
amount to approximately 30% of your time. 
Excellent southern New Jersey location. Com- 
petitive salary and benefit package. Send CV to 
RABC, P.O. Box 729, Mt. Holly, NJ 08060. 12- 
3a 


BC/BE RADIOLOGIST to join VA Medical Cen- 
ter in Martinsburg, WV, a 316-bed hospital, 150- 
bed nursing home and 520-bed domiciliary 
located 75 miles from Washington, DC, or Balti- 
more, MD, in the Shenandoah Valley. Compre- 
hensive benefit package. EOE. Contact J. 
Henderson, Office of COS, VAMC, Martinsburg, 
WV 25401; (304) 263-0811 ext. 4015. 12-2a 


RADIOLOGIST—East Hudson Radiologists, 
P.C., located in the greater region of upstate 
New York, is recruiting radiologists with fellow- 
ship(s) in cross-sectional, interventional, and/or 
neuroradiology. Our practice provides services 
to 6 hospitals, 4 practice-owned imaging cen- 
ters, and numerous private offices and health 
related facilities. Candidates must be board-cer- 
tified/eligible and meet American College of 
Radiology standards, as well as all facility cre- 
dentialing. Please send CV to Shirish Parikh, 
M.D., President/CEO, East Hudson Radiolo- 
gists, P.C., 451 Hoosick St., Troy, NY 12180. 


INTERVENTIONAL RADIOLOGIST, SOUTH 
JERSEY—Radiologist with fellowship training 
or equivalent experience in interventional radiol- 
ogy to join 5-member group with active hospital- 
based practice. State-of-the-art angiography 
equipment on-site. The hospital is affiliated with 
the University Medicine and Dentistry of New 
Jersey School of Osteopathic Medicine in Strat- 
ford, NJ. Position includes patient care and resi- 
dent teaching. Excellent location 1/2 hr from 
Philadelphia and 1 hr from the Jersey Shore. 
Great lifestyle. Competitive salary and benefits. 
Send CV or call Beth K. Reichman, Corporate 
Director, Physician Relations, Kennedy Memo- 
rial Hospitals-UMC, 500 Marlboro Ave., Cherry 
Hill, NJ 08003; (609) 661-5149.12-1a 


PEDIATRIC RADIOLOGIST—Fellowship- 
trained pediatric radiologist to join an 11-member 
group servicing a 493-bed community hospital 
with a large outpatient service. Two CT scan- 
ners, 2 MRI scanners, and digital fluoroscopy. 
Currently performing 300 pediatric exams/month 
with expanding service. Please send CV to Sum- 
ner Holtz, M.D., 232 So. Woods Mill Rd., St. 
Louis, MO 63017. 1-6a 
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DIAGNOSTIC IMAGING AND ANGIO/INTER- 
VENTIONAL—Two positions available. The 10- 
member diagnostic radiology section of Guthrie 
Clinic and Robert Packer Hospital desire associ- 
ates with fellowship training and/or expertise in 
the above areas. The Guthrie Clinic provides 
tertiary-care in the southern tier of New York and 


the northern tier of Pennsylvania in the beautiful . 


endless mountains. Outstanding practice oppor- 
tunities with state-of-the-art equipment in an 
environment free of urban hassle. Please send 
letter of inquiry with CV or call Ralph D. Zehr, 
M.D., Acting Chairman, Dept. of Radiology, 
Guthrie Clinic Ltd., Sayre, PA 18840; (717) 882- 
4032, (800) 724-1295, 


OPEN RANK—Opportunity for board-certified 
interventional radiologist in accredited radiologi- 
cal program committed to quality clinical care 
and teaching. The University of Miami School of 
Medicine is recruiting a full-time vascular and 
interventional radiologist. The section currently 
consists of 44 staff members and 3 fellows and 
performs all angiographic and interventional pro- 
cedures except for cardiac and neuroradiology, 
approximately 3,000 exams/yr. The University of 
Miami is an affirmative action equal opportunity 
employer. Send CV to Jose M. Yrizarry, M.D., 
Chief, Vascular/Interventional Radiology, Uni- 
versity of Miami School of Medicine, Dept. of 

. Radiology (R109), P.O, Box 016960, Miami, FL 
33101; (305) 585-6894. 1~6a 


MARTHA'S VINEYARD, MA—Seeks BC radiol- 
ogist 5 one-half days/week September—May, 
full-time in summer. Teleradiology back-up 
which will handle 99% of call responsibilities. 
Ideal lifestyle for interested candidate. Plain 
radiographs, fluro, myelography, ultrasound, and 
NM. Biopsies, no angio. Call Teleradiology 
Associates at (919) 419-1000. 1-2a 


VASCULAR/INTERVENTIONAL STAFF POSI- 
TION, 1993—The Dept. of Radiology at Bos- 
ton’s Beth Israel Hospital is seeking an 
additional BC/BE radiologist with fellowship or 
equivalent experience in vascular and interven- 
tional radiology to join 3 established’ interven- 
tionalists performing a comprehensive array of 
both vascular and nonvascular procedures. Beth 
Israel Hospital is a 500-bed major teaching affili- 
ate of Harvard Medical School and is an affirma- 
tive action/equal opportunity employer. The 
CVIR section performs approximately 1,400 pro- 
cedures/yr. Additional opportunities for participa- 
tion in CT, ultrasound, MRI, and research. 
Please send inquiries with CV to Sven Paulin, 
M.D., Radiologist-in-Chief, Beth Israel Hospital, 
330 Brookline Ave., Boston, MA 02215; (617) 
735-2506. 1a 


COLORADO—Practice of MR, CT, ultrasound, 
mammo, angio, and general radiology in small 
mountain valley city. Radiologist seeks BC/BE 
associate for 1993. Send letter and CV to AJR 
Box 1 (address this section). 


RADIOLOGIST—Second radiologist needed 
for a 54-physician multispecialty clinic located in 
the western Rockies. Experience or formal train- 
ing in mammography a must. General radiologic 
procedures excluding CT and MRI. Offered sal- 
ary and benefits generous. Four season recre- 
ational opportunities abound. City is home of 
University of Montana. Send CV to Administra- 
tor, Western Montana Clinic, P.C., P.O. Box 
7609, Missoula, MT 59807. 1-2a 


CLASSIFIED ADVERTISEMENTS 


CT/ULTRASOUND/MR RADIOLOGIST—Posi- 
tion available at a 400-bed, 2-division commu- 
nity hospital in northeast Philadelphia. Twelve 
full-time radiologists presently on staff. Will need 
fellowship-trained body imager because of 
expansion of our ultrasound division. Send CV 
to Dr. Mare Silver, Frankford Hospital, Torres- 
dale Division, Knights and Red Lion Rd., Phila- 
delphia, PA 19114; (215) 934-4020. 


MR RESEARCH SCIENTIST FULL-TIME FAC- 
ULTY POSITION, Dept. of Radiology, Children's 
Hospital, Boston, MA. Academic rank assistant 
professor to professor, Dept. of Radiology, Har- 
vard Medical School, available January 1, 1993. 
Salary and fringe benefits are highly competi- 
tive; salary is based on academic rank and 
experience. Candidates must have a Ph.D. or its 
equivalent; must have a minimum of 1 yr of 
experience in clinical and research magnetic 
resonance spectroscopy (MRS). Duties include 
development of pediatric MRS research pro- 
gram as well as teaching. A 1.5-T clinical MR 
system and 4.7-T MR research system are 
available. The candidate must have a demon- 
strated interest and qualifications in basic and/or 
clinical pediatric MRS research. Children’s Hos- 
pital and Harvard Medical School are affirmative 
action/equal opportunity employers. Address 
inquiry and CV to Donald R. Kirks, M.D., Radiol- 
ogist-in-Chief, Dept. of Radiology, Children’s 
Hospital, 300 Longwood Ave., Boston, MA 
02115; (617) 735-6291, 1a 


ULTRASOUND—The new Diagnostic Imaging 
Center at Roswell Park Cancer Institute is seek- 
ing a board-certified diagnostic radiologist with 
special interests in ultrasound. The newly reno- 
vated and equipped ultrasound section will 
include color Doppler ultrasound, intraoperative 
ultrasound, endoscopic ultrasound, and pros- 
tatic ultrasound with nationally recognized multi- 
disciplinary clinics. Opportunity for multimodality 
clinical diagnostic imaging, research and aca- 
demic activity is outstanding. Salaries are com- 
petitive. Construction of new diagnostic imaging 
center and hospital begins in 1993. A faculty 
appointment will be at the School of Medicine 
and Biomedical Sciences, SUNY at Buffalo. 
Please send CV to Paul ©. Stomper, M.D., Diag- 
nostic Radiology, Roswell Park Cancer Institute, 
Elm and Carlton Streets, Buffalo, NY 14263. An 
equal opportunity employer M/F/D/V. 1a 


DIAGNOSTIC IMAGING AND BREAST IMAG- 
ING—The new Diagnostic Imaging Center at 
Roswell Park Cancer Institute is seeking board- 
certified radiologists specializing in CT/MRI, 
breast imaging, and general oncologic radiology. 
The dept. will have been totally renovated with 
all new equipment by Spring 1993, including the 
new magnetic resonance imaging center, the 
new multidisciplinary breast imaging center, and 
new CT, ultrasound, and flouroscopy suites. 
Construction of a new diagnostic imaging center 
and hospital is underway in 1993. Opportunity 
for multimodality clinical diagnostic imaging, 
research, and academic activity is outstanding. 
Salaries are competitive. A faculty appointment 
will be at the School of Medicine and Biomedical 
Sciences, SUNY at Buffalo, according to the 
level of professional qualifications. Please send 
CV to Paul C. Stomper, M.D., Diagnostic Radiol- 
ogy, Roswell Park Cancer Institute, Elm and 
Carlton Streets, Buffalo, NY 14263. An equal 
opportunity employer M/F/D/V. ta 
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ABDOMINAL IMAGING RADIOLOGIST—Tem- 
ple University Hospital and School of Medicine 
are seeking a board-certified radiologist with fel- 
lowship training in abdominal imaging to serve in 
the section of abdominal imaging. This is a fac- 
ulty position at the rank of assistant/associate 
professor. The candidate should have strong 
clinical skills in CT, MRI, ultrasound, gastrointes- 
tinal radiology, and urography. The position 
involves major teaching responsibilities for both 
residents and medical students. Candidates with 
established research support would be pre- 
ferred. Send cover letter/CV to Francis J. Shea, 
M.D., Professor and Deputy Chairperson, 
SmithKline Beecham, Dept. of Diagnostic Imag- 
ing, Temple University Hospital, 3401 N. Broad 
St., Philadelphia, PA 19140. Temple University 
Hospital is an affirmative action/equal opportu- 
nity employer. 1a 


NEBRASKA-—Two positions now available for 
well-trained BE/BC individuals to join a group of 
5 BC diagnostic radiologists. Additional training 
or experience in nuclear medicine or MR} will be 
an advantage to applicants. Enjoy the best of a 
family-oriented community of 25,000 with clean 
air, affordable housing, and friendly hard-work- 
ing people while practicing at a busy, very mod- 
ern 267-bed hospital. New 1.5-T MRI currently 
being installed. Nearby recreation with wildlife, 
lakes, natural beauty and just 4 hrs from Steam- 
boat Springs, CO, or Black hills of SD. Competi- 
tive salary, excellent vacation and call. Call our 
office today for more information on this excel- 
lent opportunity, (308) 630-1374, or nationwide 
toll-free 1 (800) 967-2144, 1a 


WEST HAVEN VA MEDICAL CENTER/YALE 
UNIVERSITY SCHOOL OF MEDICINE—BC/BE 
radiologist. Academic radiologist position avail- 
able 7-1-93 at the assistant/associate professor 
level. Position entails interpretation of general 
diagnostic films (excluding mammography), CT, 
and fluoroscopic procedures. Additional sub- 
specialty skills or training in ultrasound (includ- 
ing vascular) or angiography (general, neuro, or 
interventional) would be beneficial. Affiliation 
with Yale School of Medicine provides opportu- 
nity for participating in ongoing research, devel- 
oping new projects, teaching, and additional 
potential of part-time clinical duties at Yale New 
Haven Hospital. Supervision and training of resi- 
dents is an important aspect of the program. The 
candidate should be qualified to hold a faculty 
position with Yale University Schoo! of Medicine 
and be a US citizen or permanent resident of the 
United States. Please send CV to Caroline Tay- 
lor, M.D., Chief, Radiology, VA Medical Center, 
West Haven, CT 06516; fax (203) 737-4035. 
The West Haven VA Medical Center and Yale 
University are equal opportunity/affirmative 
action employers. Applications from women and 
minority group members are encouraged. Appli- 
cation deadline is April 1, 1993. 1-3a 


BOSTON UNIVERSITY SCHOOL OF MEDI- 
CINE, DEPT. OF RADIOLOGY—University 
Hospital, Boston City Hospital, has radiology fel- 
lowships offering 1-yr programs in neuroradiol- 
ogy, cardiovascular/interventional, nuclear 
medicine, pediatric radiology, abdominal radiol- 
ogy, ACGME accreditation application pending. 
For further information or application contact 
Joseph T. Ferrucci, M.D., Chairman, Dept. of 
Radiology, University Hospital, 88 E. Newton 
St., Boston, MA 02118. 1-2a 


228 


DIAGNOSTIC RADIOLOGIST with general 
radiology, MRI and CT experience for 2 estab- 
lished free-standing state-of-the-art facilities in 
Brooklyn, New York. Excellent salary and fringe 
benefits package in very pleasant working envi- 
ronments. Please call (718) 624-2222 or fax 
resume to (718) 858-7839. 1a 


IMMEDIATE OPENING—The Dept. of Radiol- 
ogy at the University of Massachusetts Medical 
Center has a full-time position available in the 
musculoskeletal division at a rank and salary 
commensurate with experience. The medical 
center is a 370-bed university hospital and med- 
ical school located approximately 40 miles west 
of Boston. The dept. consists of 25 staff, 15 resi- 
dents, and 24 fellows and does approximately 
140,000 exams/yr. The dept is well-equipped 
with 2 GE 9800 HiLite CT scanners as well as 2 
GE 1.5-T MRI scanners and a 2.0-T small-bore 
unit for animal research in a stand-alone facility. 
The hospital is a level | trauma center maintain- 
ing a full-time trauma service and an active 
emergency room with an associated emergency 
medicine residency of approximately 36 resi- 
dents. The hospital is serviced by a Life Flight 
helicopter. A strong interest in teaching and col- 
laborative clinical research is desired. For fur- 
ther information contact Edward H. Smith, M.D. 
Professor and Chairman, Dept. of Radiology, 
University of Massachusetts Medical Center, 55 
Lake Ave. North, Worcester, MA 01655; (508) 
856-3253. UMMC is an equal opportunity/affir- 
mative action employer. 1ap 


IMMEDIATE OPENING FOR BOARD-CERTI- 
FIED RADIOLOGIST—Beautiful coastal Bar 
Harbor, ME, has an immediate opening for a 
radiologist in our friendly, community hospital. 
We are immediately adjacent to Acadia National 
Park. We have: Picker |.Q., CT scanner, Kodak 
laser printer and MED-RAD automatic injector 
(new in 92), Diasonics Spectra color Doppler 
unit (new in 92), ACOMA mammography unit 
(new in 91), 2 radiographic/fluoroscopic units (1 
new in 91), Siemens basicamera nuclear medi- 
cine unit. Please direct all inquiries to James A. 
Mroch, President, Mount Desert Island Hospital, 
P.O. Box #8, Bar Harbor, ME 04609; (207) 288- 
5080, ext 330, fax (207) 795-2444. 1a 


EXCELLENT OPPORTUNITY FOR BE/BC 
DIAGNOSTIC RADIOLOGIST with training in all 
modalities to join active 7-member group in Mid- 
western university town with medical school affil- 
iation. Abundance of cultural opportunities and 
outdoor recreation. Excellent salary with early 
partnership. Please send inquiries and CV to 
Dean Hountras, M.D., 1000 S. Columbia Rd., 
Grand Forks, ND 58206-6003; (701) 780-6596. 
1-3ap 


MUSCULOSKELETAL RADIOLOGIST— 
Twenty-eight-member group in major southeast 
city seeks a musculoskeletal radiologist with 
sports medicine interest. General radiology skills 
necessary. This well-established practice has 
expanded and now requires a second muscu- 
loskeletal radiologist to staff recently completed 
200-bed hospital and internationally recognized 
Sports Medicine Institute. Equipment is state-of- 
the-art 1.5-T GE MRI, GE 9800 Hilite CT, GE 
digital angiography and flouroscopy suites, and 
SPECT imaging. Interested candidates should 
send CV to AJR Box 11 (address this section) 
1—4ap 


CLASSIFIED ADVERTISEMENTS 


DIVISION OF PEDIATRIC RADIOLOGY, ORE- 
GON HEALTH SCIENCES UNIVERSITY, 
PORTLAND, OR, invites applications for a fac- 
ulty position. Completion of approved fellowship 
in pediatric radiology; ABR certification required. 
CV to Frederick S. Keller, M.D., Diagnostic Radi- 
ology, L340, Oregon Health Sciences University, 
Portland, OR 97201-3098; (503) 494-4498. 
Equal opportunity, affirmative action employer. 
la 


APPLICATIONS ACCEPTED for faculty posi- 
tion of Director of Body Imaging, Dept. of Diag- 
nostic Radiology, Oregon Health Sciences 
University, Portland, OR. Five yrs experience 
and ABR certification required. CV to Frederick 
S. Keller, M.D., Diagnostic Radiology, L340, 
Oregon Health Sciences University, Portland, 
OR 97201-3098. (503) 494-4498. Affirmative 
action, equal opportunity employer. 1a 


OPTIMAL LIFESTYLE AND WORK ENVIRON- 
MENT IN THE NORTHWEST—Three-man 
group seeks BC/BE radiologist interested in 
pleasant, stimulating work environment and 
generous vacation schedule. General radiology 
practice including MR, angio, interventional with 
up-to-date equipment and quality technical staff. 
Good income 1 yr to partnership. Family-ori- 
ented community in south-central Idaho with 
extensive, nearby outdoor activities. Dry climate 
with 4 seasons, 80 miles to Sun Valley, ID. If 
interested, please send CV and references to 
Dr. Evan Thomas, Southern Idaho Radiology, 
P.O. Box AB, Twin Falls, ID 83303. 


DIAGNOSTIC RADIOLOGIST—Excellent 
opportunity to join pair at 100-bed hospital in 
northwestern Ohio town of Fremont, close to 
Toledo and major tourist attractions. Skills 
needed in general radiology including CT, ultra- 
sound, and planar nuclear medicine. Additional 
experience in MRI, interventional radiology, and 
SPECT desirable but can be learned on the job. 
BC status also desirable, but BE radiologist 
would be trained to pass boards. Offer excellent 
salary and generous vacation and CME-related 
time off, as well as maternity or paternity leave. 
Also provide immediate retirement and other 
benefits plus full partnership within 2 yrs. Please 
contact Adrian Boyle at (800) 374-4425, or mail 
your CV to Physician Sourcing & Search, 2300 
Peachford Rd., Ste 1100, Atlanta, GA 30338; fax 
(404) 455-6074. 1-2a 


Fellowships and Residencies 


FELLOWSHIP IN VASCULAR AND INTER- 
VENTIONAL RADIOLOGY—The University of 
Arizona is sponsoring a 1-yr fellowship in vascu- 
lar and interventional radiology beginning July 1, 
1994. In-depth clinical experience and training in 
all aspects of interventional radiology will be 
offered. Facilities at the university hospital (300- 
bed) and Tucson Veterans Hospital (300-bed) 
are state-of-the-art. Interested applicants should 
submit a current CV and 3 letters of recommen- 
dation (including one from their program direc- 
tor) to Gerald D. Pond, M.D., Head, Section of 
Vascular and Interventional Radiology, Univer- 
sity of Arizona Health Sciences Center, Tucson, 
AZ 85724. For further information please con- 
tact Ruth Kneup at (602) 626-6794. 12xc 
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FELLOWSHIPS AT THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—The Dept. of Radiol- 
ogy at Thomas Jefferson University Hospital in 
Philadelphia offers the following fellowship pro- 
grams each yr: (1) Ultrasound/CT/MRI—Jeffer- 
son's ultrasound division is one of the largest in 
the world and performs all currently available 
exams, including obstetric, vascular, lithotripsy, 
invasive, and endoluminal. We also operate 4 
GE 1.5-T MRI units and 3 CT scanners. Contact 
Barry Goldberg, M.D. regarding this program. (2) 
Cardiovascular/interventional—This _ division is 
housed in a new suite containing Philips angio 
units with DSA and performs the full range of 
vascular and non-vascular interventional proce- 
dures. Contact Geoffrey Gardiner, Jr., M.D. (3) 
Neuro/ENT radiology—very active clinical ser- 
vices supply a wealth of material to this division, 
which is housed in a neurosciences imaging 
center containing all imaging modalities. Contact 
Carlos Gonzales, M.D. (4) Breast imaging—Jef- 
ferson's new breast-imaging center performs 
approximately 85 studies/day including ultra- 
sound and needle localizations. Contact 
Stephen Feig, M.D. (5) Chest—includes biop- 
sies and CT. Contact Robert Steiner, M.D. (6) 
MRI—a dedicated body MRI program including 
excellent research opportunities in addition to a 
large clinical case load. Contact Donald Mitchell, 
M.D. (7) Ultrasound—a dedicated ultrasound 
program. Contact Barry Goldberg, M.D. (8) Mus- 
culoskeletal—includes MRI of the musculoskele- 
tal system. Contact David Karasick, M.D. All 
program directors listed above can be contacted 
at the Dept. of Radiology, Thomas Jefferson Uni- 
versity Hospital, Philadelphia, PA 19107. Jeffer- 
son is an equal opportunity/affirmative action 
employer. 12xc 


ONCORADIOLOGY/MAMMOGRAPHY FEL- 
LOWSHIP—The Dept. of Radiology at the 
Dana-Farber Cancer Institute and Brigham and 
Women’s Hospital, which are Harvard Medical 
School affiliates, offers a 1-yr fellowship position 
beginning July 1, 1993. All imaging modalities 
involved in the diagnosis, staging, and follow-up 
of patients with malignant disease are integrated 
into this program. An additional feature is a con- 
centrated experience in the performance of inter- 
ventional breast diagnostic procedures. Please 
contact Jack E. Meyer, M.D., Director of Diag- 
nostic Radiology, Brigham and Women's Hospi- 
tal and Dana-Farber Cancer Institute, 75 Francis 
St., Boston, MA 02115; (617) 732-6269. Brigham 
and Women's Hospital/Dana Farber Cancer 
Institute/Harvard Medical School is an affirma- 
tive action/equal opportunity educator and 
employer. 5—4c 


INTEGRATED CHEST RADIOLOGY FELLOW- 
SHIP AT JOHNS HOPKINS UNIVERSITY HOS- 
PITAL—The Dept. of Radiology, Division of 
Thoracic Imaging, Johns Hopkins University, is 
offering a 1- or 2-yr academically-oriented fel- 
lowship in chest radiology. The fellowship offers 
an integrated experience in cross-sectional 
imaging including over 4,000 chest CT exams/yr 
and 1,000 thoracic MRI examinations. Strong 
research interests in high-resolution computed 
tomography, magnetic resonance imaging, and 
interventional thoracic radiology offer the poten- 
tial candidate an exciting environment to work in. 
The fellowship is available starting July 1, 1993, 
or July 1, 1994. Contact Janet E. Kuhlman, M.D., 
Director of Chest Radiology, Dept. of Radiology, 
Johns Hopkins Hospital, Baltimore, MD 21287; 
(410) 955-4419. 10—1cp 
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ACCREDITED FELLOWSHIPS IN PEDIATRIC 
RADIOLOGY AND PEDIATRIC NEURORADI- 
OLOGY—Dept. of Radiology, Children’s Hospi- 
tal Medical Center, Cincinnati, OH, offers 1- or 2- 
yr accredited (Residency Review Committee for 
Radiology of ACGME) fellowships in pediatric 
radiology beginning July 1, 1994. A 1-yr pediat- 
ric neuroradiology fellowship program is also 
offered and may be taken separately or com- 
bined with 1 yr of adult neuroradiology fellow- 
ship at the University of Cincinnati Medical 
Center. Children’s Hospital Medical Center 
(CHMC) is a 355-bed institution. The dept. per- 
forms over 105,000 radiological exams/yr in the 
largest children’s hospital and ambulatory prac- 
tice in the U.S. The dept. has 14 full-time faculty 
pediatric radiologists, 1 full-time research fac- 
ulty, 7 fellows, and many resident trainees. Six 
pediatric radiology and 1 pediatric neuroradiol- 
ogy fellowship positions are available annually. 
Training includes all aspects of pediatric imaging 
neonatal radiology; neuroimaging; musculoskel- 
etal radiology; cardiovascular and thoracic imag- 
ing; abdominal imaging; oncologic imaging; 
ultrasonography; nuclear medicine; computed 
tomography; MRI; and vascular/interventional 
procedures. The dept. has an active clinical ser- 
vice with state-of-the-art equipment as follows: 
digital fluoroscopy; Acuson and ATL ultrasound 
units with Doppler and color flow Doppler capa- 
bilities; planar SPECT gamma cameras; GE 
9800 Quick CT scanner; 1.5-T GE MRI with 
spectroscopy, and cardiac catheterization/angio- 
graphic suite with digital vascular imaging. The 
fellowship provides a broad clinical experience 
in pediatric radiology as well as numerous 
opportunities to participate in both clinical and 
basic research. Candidates must be board-certi- 
fied or board-qualified in diagnostic radiology 
and must obtain an Ohio medical license. Salary 
and fringe benefits are highly competitive. Appli- 
cations are due prior to February 1993 with 
interviews scheduled during the fall and winter 
of 1992-93. There are numerous career oppor- 
tunities in pediatric radiology and pediatric neu- 
roradiology in both academic and private 
practice settings. To receive more information 
about the fellowships at CHMC or careers in 
pediatric radiology, please contact Director, 
Dept. of Radiology, Children’s Hospital Medical 
Center, Cincinnati, OH 45229-2899; (513) 559- 
8058. Children’s Hospital Medical Center and 
the University of Cincinnati College of Medicine 
are affirmative action/equal opportunity employ- 
ers. 7—-1cp 


MRI FELLOWSHIPS—Fellowship positions in 
MRI are available from July 1994 and July 1995 
at the Johns Hopkins Dept. of Radiology and 
Radiological Science. Flexible fellowship pro- 
grams with clinical or research emphasis are 
available. The MRI division is equipped with 3 
1.5-T GE scanners and 2 1.5-T Siemens scan- 
ners, both with cardiac imaging and spectro- 
scopic capabilities. Over 9,000 exams are 
performed yearly. Over 2,000 of these exams 
are body MRI studies. In addition, a 4.7-T and 
an 8.5-T instrument with spectroscopic and 
imaging capabilities are available for research. 
The main interests of the section are in onco- 
logic, cardiovascular, and musculoskeletal imag- 
ing. Rotating fellowships with CT and/or 
ultrasound or a straight MR fellowship are 
offered. For additional information and applica- 
tion, contact Elias A. Zerhouni, M.D., Director, 
Thoracic Imaging & MRI, Johns Hopkins Hospi- 
tal, Baltimore, MD 21287; (410) 955-4062. 11- 
tcp 
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FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRI—One-yr fellowships in ultrasound and 
body CT/MRI beginning July 1, 1993, and July 
1, 1994, are being offered by the New York Hos- 
pital-Cornell Medical Center. The dept. provides 
state-of-the-art equipment, including Acuson 
and ATL ultrasound, GE 9800 CT, and Ge Signa 
1.5-T MR. Wide variety of ultrasound examina- 
tions include abdominal, OB/GYN, color Dop- 
pler, small parts, neonatal head, transvaginal, 
and transrectal. Applicants should be ABR eligi- 
ble or certified. Send CV to Elias Kazam, M.D., 
Dept. of Radiology, New York Hospital-Cornell 
Medical Center, 525 E. 68th St., New York, NY 
10021. 10-1c 


FELLOWSHIP IN VASCULAR/INTERVEN- 
TIONAL RADIOLOGY—The Yale University 
Dept. of Radiology has an unexpected opening 
for a third fellowship position starting July 1993. 
The section has an active clinical service per- 
forming a wide range of vascular and interven- 
tional procedures including: diagnostic 
angiography, angioplasty, stenting, atherectomy, 
infusion therapy, embolotherapy, IVC filter 
placement, and percutaneous renal, biliary, and 
abscess management. Additionally, there is an 
inpatient admitting service and clinic. The fellow- 
ship is for 1 yr. Please send CV and 3 letters of 
recommendation to Jeffrey Pollak, M.D., Section 
Chief, Dept. of Diagnostic Radiology, Yale Uni- 
versity School of Medicine, 333 Cedar St., P.O. 
Box 3333, New Haven, CT 06501, (203) 785- 
4746, (203) 785-3024 fax. Yale University is an 
equal opportunity/affirmative action employer. 
Applications from women and minority group 
members are encouraged. 


CARDIAC IMAGING FELLOWSHIP (CLEVE- 
LAND CLINIC FOUNDATION)—The section of 
cardio-vascular imaging (division of radiology) 
announces to interested and qualified BC/BE 
radiologists a 2-yr cardiac imaging fellowship 
position (July 1, 1994 — June 30, 1996). This fel- 
lowship emphasizes integrated diagnostic imag- 
ing of acquired and congenital diseases of the 
heart and thoracic vasculature using non-inva- 
sive radiologic techniques (plain-film xray, CT, 
MRI, Nuclear Cardiology including PET) through 
a balance of practical clinical and research 
experiences. Research activities are comple- 
mented by lectures and technical assistance 
from the division's biostatistician. Didactic train- 
ing both in cardiac catherterization/cine cardio- 
angiographic interpretation and in performance/ 
intepretation of echocardiography is coordinated 
with the dept. of cardiology for clinical and 
research cross-correlation. Direct all correspon- 
dences to Richard D. White, M.D. Head, Section 
of Cardio-Vascular Imaging, Division of Radiol- 
ogy L-10, Cleveland Clinic Foundation, 9500 
Euclid Ave. Cleveland, OH, 44195; (216) 444- 
2740. 10-1c 


UNEXPECTED IMMEDIATE OPENING, FEL- 
LOWSHIP IN IMAGING/ANGIO-INTERVEN- 
TIONAL—There is an unexpected opening for a 
1-yr fellowship program available immediately at 
the Lehigh Valley Hospital in Allentown, PA. The 
fellowship program offers training in CT (head 
and body), ultrasound, MR, angiography, and 
interventional radiography. LVH is a 514-bed 
acute-care, university-affiliated hospital. For fur- 
ther information contact Robert Kricun, M.D., 
Dept. of Radiology, Lehigh Valley Hospital, P.O. 
Box 689, Allentown, PA 18105-1556; (215) 402- 
8088. 


FELLOWSHIP POSITIONS—The Dept. of 
Radiology, University of Utah School of Medi- 
cine. The University of Utah Dept. of Diagnostic 
Radiology is offering 2 1-yr fellowships to begin 
July 1993 in the following areas: (1) muscu- 
loskeletal radiology, (2) chest/breast imaging 
Active services with outstanding clinical col- 
leagues and up-to-date facilities. Academic time 
is built into the fellowships and research time is 
available on the magnets. Applicants must be 
board-eligible and have obtained a Utah medical 
license prior to commencing training. Please 
send CV specifying your area of interest to B. J 
Manaster, M.D., Ph.D, Associate Professor of 
Radiology, Dept. of Radiology, 50 North Medical 
Dr., Salt Lake City, UT 84132. The University of 
Utah is an equal opportunity/affirmative action 
employer and encourages applications from 
members of minority groups and women. 12-3c 


FELLOWSHIP POSITIONS—The Dept. of 
Radiology of the Brigham and Women's Hospi- 
tal-Harvard Medical School has 1- or 2-yr fellow- 
ship positions in the following areas: (1) 
cardiovascular and interventional, (2) neuroradi- 
ology, (3) CT/ultrasound/MR/interventional, (4) 
oncoradiology, (5) chest, (6) bone, (7) nuclear 
medicine, and (8) computer science. For more 
information, please send CV specifying your 
area of interest to B. Leonard Holman, M.D., 
Chairman, Dept. of Radiology, Brigham and 
Women's Hospital, 75 Francis St., Boston, MA 
02115. Harvard Medical School and Brigham 
and Women's Hospital are equal opportunity, 
affirmative action employers. 5—4c 


FELLOWSHIP IN ULTRASOUND, BODY CT 
AND MRI—July 1, 1994. 1-yr program featuring 
ultrasound, body CT, body MRI and noninvasive 
vascular diagnosis. For information and applica- 
tion contact William Zwiebel, M.D., Dept. of 
Radiology, University of Utah Hospital, Salt Lake 
City, UT 84132; (801) 581-7553. 4—2c 


FELLOWSHIP IN PEDIATRIC IMAGING, 
DUKE UNIVERSITY MEDICAL CENTER—The 
Dept. of Radiology at Duke University Medical 
Center offers a 1- or 2-yr fellowship in pediatric 
imaging. This fellowship is designed to prepare 
the trainee for a career in pediatric radiology in a 
university, community or children's hospital set- 
ting. The fellow will work closely with pediatric 
radiologists and academic subspecialists in radi- 
ology. Clinical exposure includes pediatric imag- 
ing in neuroradiology, musculoskeletal radiology, 
cardiac radiology, chest radiology, GI radiology, 
GU radiology, and oncologic radiology. Imaging 
modalities include conventional and digital radi- 
ography, ultrasonography, nuclear medicine, 
computed tomography, magnetic resonance 
imaging, angiography, and interventional tech- 
niques. The fellow will participate in ongoing 
clinical research projects. Elective time during 
the second fellowship yr would permit the fellow 
to participate in basic and clinical research and 
to gain additional subspecialty experience. For 
further information, contact Carl E. Ravin, M.D., 
Professor and Chairman, Dept. of Radiology, 
Duke University Medical Center, Box 3808, 
Durham, NC 27710, Herman Grossman, M.D., 
Professor of Radiology and Pediatrics, Chief, 
Pediatric Imaging, Dept. of Radiology, Duke Uni- 
versity Med. Center, Box 3834, Durham, NC 
27710. Duke University is an affirmative action 
equal opportunity employer. 12—2c 
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FELLOWSHIP IN BODY MRI, CT, AND 
ULTRASOUND—The Dept. of Radiology at 
Hahnemann University Hospital, Philadelphia, 
PA, offers a 1-yr fellowship in body imaging. 
Three positions are available for July 1994 to 
June 1995. The fellowship will provide state-of- 
the-art training on ultrasound/CT/MRI. Equip- 
ment includes: Acuson and ATL ultrasound with 
color Doppler, 2 GE 9800 and a Signa 1.5-T 
MRI. Applicants must have completed an 
approved residency in diagnostic radiology and 
be board-eligible/certified. For inquiries, please 
contact Thomas Niedbala, M.D., Dept. of Diag- 
nostic Radiology, Hahnemann University Hospi- 
tal, Broad and Vine Streets, Philadelphia, PA 
19102; (215) 762-8742. An equal opportunity 
employer. 12—2cp 


PENN STATE UNIVERSITY, FELLOWSHIP IN 
CARDIOVASCULAR/INTERVENTIONAL 

RADIOLOGY—The Pennsylvania State Univer- 
sity Dept. of Radiology offers 1- or 2- yr fellow- 
ships in cardiovascular/interventional radiology. 
Fellows will receive training in all aspects of 
diagnostic and interventional angiography 
(including neuro and pulmonary angiography), 
percutaneous and percutaneous/peroral Gl 
interventions, GU interventions, venography, 
IVC filter placement, embolizations, foreign body 
retrievals, biopsy, drainage, and stenting proce- 
dures. Appointment at the instructor level is 
required, necessitating a Pennsylvania medical 
license, university hospital medical staff privi- 
leges, and ABR eligibility (at time of application) 
and certification (during first program yr). Inde- 
pendent original research is expected and is 
well supported. The animal research facility is 
excellent. A dedicated MR research facility with 
angiographic and spectroscopic capability 
exists. Both facilities are fully staffed by 
research associates and faculty and are 
equipped with state-of-the-art equipment. Eligi- 
bility: The fellowship is open to individuals who 
have completed an accredited residency pro- 
gram in radiology, can obtain a Pennsylvania 
medical license, and have fulfilled ABR require- 
ments for board-certification/eligibility. Stipend: 
A generous and competitive salary and benefits 
package are offered. Academic, biophoto- 
graphic, and secretarial support are also pro- 
vided. Applications: Applicants should respond 
with a letter of interest and current CV. Please 
direct inquiries and requests for application 
forms to John F. Cardella, M.D., Assoc. Profes- 
sor and Chief, Cardiovascular/Interventional 
Radiology Section, Penn State University/Her- 
shey Medical Center, Box 850, Hershey, PA 
17033. Penn State University is an affirmative 
action, equal opportunity employer; women and 
minorities are encouraged to apply. 11—1c 


FELLOWSHIP IN VASCULAR/INTERVEN- 
TIONAL RADIOLOGY—The University of Mary- 
land Medical Center has an opening for a fellow 
in the section of vascular and interventional radi- 
ology beginning July 1, 1993. The medical cen- 
ter is an 800-bed acute-care hospital and tertiary 
referral center with an active and varied vascu- 
lar/interventional practice. In addition, a new 
324-bed VA hospital, adjacent to and connected 
to the medical center, will be opening in Novem- 
ber. The fellow will participate in all aspects of 
diagnostic vascular radiology as well as the full 
range of vascular and nonvascular interven- 
tional procedures. Interested persons should 
contact Dr. Philip A. Templeton, Acting Chair- 
man, Dept. of Diagnostic Radiology, 22 S. 
Greene St., Baltimore, MD 21201. 1c 


CLASSIFIED ADVERTISEMENTS 


MR FELLOWSHIPS, IMMEDIATE OPEN- 
INGS—The Dept. of Radiology, University of 
Rochester Medical Center, MR fellowship offers 
a broad range of experience in both body and 
neuro MR. Associated imaging experience is 
available with CT. Research opportunities are 
available. Two 1.5-T G.E. Signa magnets with 
the latest software are in use and a third is being 
planned. Three CT units are in use. Eligible 
applicants must be board-certified or eligible for 
certification in diagnostic radiology and should 
be eligible for licensing in the state of New York. 
Contact Deborah Rubens, M.D., Dept. of Radiol- 
ogy, Box 648, University of Rochester Medical 
Center, Rochester, NY 14642; (716) 275-8365. 
EO/AA/M-F. 10-12c 


ACCREDITED FELLOWSHIPS IN PEDIATRIC 
RADIOLOGY AND PEDIATRIC NEURORADI- 
OLOGY—The Dept. of Radiology, Children’s 
Hospital and Harvard Medical School, Boston, 
MA, offers 1- or 2-yr accredited (Residency 
Review Committee for Radiology of ACGME) 
fellowships in pediatric radiology beginning July 
1, 1994. A 1-yr pediatric neuroradiology fellow- 
ship program is also offered. Children's Hospital 
is a 350-bed institution. The dept. performs over 
102,000 radiological exams/annually in one of 
the largest children’s hospitals in North America. 
The dept. has 16 faculty pediatric radiologists, 2 
research faculty, 1 physicist, 9 pediatric radiol- 
ogy fellows, 2 neuroradiology fellows, and many 
resident trainees. Six pediatric radiology and 1 
pediatric neuroradiology fellowship positions are 
available annually. Training includes all aspects 
of pediatric imaging: neonatal radiology; neu- 
roimaging; musculoskeletal radiology; cardio- 
vascular and thoracic imaging; abdominal 
imaging; oncologic imaging; ultrasonography; 
nuclear medicine; computed tomography; MRI; 
and vascular/interventional procedures. The 
dept. has an extremely active clinical service 
with state-of-the-art equipment as follows: digital 
fluoroscopy; computed radiography; Acuson 
ultrasound units with Doppler and color-flow 
Doppler capabilities; planar and SPECT gamma 
cameras; GE 9800 Highlight Advantage CT 
scanner; 1.5-T GE MRI with spectroscopy and 
MR angiography; angiocardiography suites with 
digital vascular imaging; and vascular/interven- 
tional suite with digital vascular imaging. The 
dept. provides extensive academic support; the 
Stem Memorial Radiology Library and depart- 
mental librarian are valuable resources. The fel- 
lowship provides a broad clinical experience in 
pediatric radiology as well as numerous oppor- 
tunities to participate in both clinical and basic 
research. There are opportunities for collabora- 
tive research efforts at Children’s Hospital, other 
Harvard teaching hospitals, and Harvard Medi- 
cal School. Candidates must be board-certified 
or board-qualified in diagnostic radiology and 
must obtain a Massachusetts Medical License. 
Salary and fringe benefits are highly competi- 
tive. Applications are due no later than February 
1993 with interviews scheduled during the fall 
and winter of 1992-93; there are numerous 
career opportunities in pediatric radiology and 
pediatric neuroradiology in both academic and 
private practice settings. To receive more infor- 
mation about the fellowships at Children’s Hos- 
pital or careers in pediatric radiology, please 
contact Donald R. Kirks, M.D., Chairman, Dept. 
of Radiology, Radiologist-in-Chief, Children’s 
Hospital, 300 Longwood Ave., Boston, MA 
02115; (617) 735-6291. Children’s Hospital and 
Harvard Medical School are affirmative action/ 
equal opportunity employers. 12—3c 
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INTERVENTIONAL MAMMOGRAPHY AND 
BREAST IMAGING FELLOWSHIP—The Uni- 
versity of Arizona is offering a flexible 1-yr fellow- 
ship in interventional mammography and breast 
imaging beginning July 1993. The section per- 
forms more than 14,000 mammograms per/yr 
and over 500 breast interventional procedures, 
including percutaneous stereotaxic breast nee- 
dle biopsy, preoperative localizations, and galac- 
tography. Equipment includes 7 state-of-the-art 
mammographic units and 5 stereotaxic devices. 
The fellowship will include 20% academic/pro- 
tected research time and up to 4 months could 
be spent in other areas of body imaging (CT, 
ultrasound, or MRI). We have an active research 
program including clinical, basic science and 
technology assessment/outcome analysis 
research-related breast imaging. Other benefits 
include: relocation allowance, office space with 
computer, and funds to attend national meetings. 
No “night call” responsibilities. Salary $38,500. 
Must be BC/BE. Will need Arizona license upon 
arrival. For further information please contact, 
Laurie L. Fajardo, M.D., Director, Mammography 
and Breast Imaging, University of Arizona, 1501 
N. Campbell Ave., Tucson, AZ 85724. Applica- 
tion deadline, January 31, 1993. The University 
of Arizona is an equal opportunity/affirmative 
action employer. 10-1a 


VASCULAR AND INTERVENTIONAL RADIOL- 
OGY FELLOWSHIP—The University of Arkan- 
sas for Medical Sciences is offering a 1-yr 
fellowship in vascular and interventional radiol- 
ogy starting July 1, 1994. Training includes all 
aspects of angiography and vascular and non- 
vascular interventions. Ample clinical material is 
available at a university hospital, a large veter- 
an's hospital and a children's hospital. Active 
vascular and non-vascular research programs 
are in place. Stipend and fringe benefits are 
competitive. Candidates must be board-certified 
or eligible in diagnostic radiology. Applications 
should include a current CV and 3 letters of ref- 
erence. For further information, please contact 
either David R. McFarland, M.D., Chief, Section 
of Vascular and Interventional Radiology, Steven 
K. Teplick, M.D., Professor and Vice Chairman, 
or Ernest J. Ferris, M.D., Professor and Chair- 
man, Dept. of Radiology/556, University of 
Arkansas for Medical Sciences, 4301 W. 
Markham, Little Rock, AR 72205; (501) 686- 
6910. 12-2c 


BODY IMAGING FELLOWSHIP (ULTRA- 
SOUND, BODY CT, AND MRI), TO BEGIN 
JULY 1993.— The Dept. of Radiology at Albert 
Einstein Medical Center Hospital in Philadelphia, 
PA, offers a 1-yr body imaging fellowship. Albert 
Einstein Medical Center is a 650-bed, advanced 
tertiary-care teaching hospital. The fellowship 
emphasizes diagnostic ultrasound with rotations 
in body magnetic resonance imaging and com- 
puted body tomography. The program is flexible 
and negotiable. Examinations in all areas of 
sonography are performed and include obstet- 
rics and gynecology, vascular/Doppler, abdomi- 
nal, prostate, pediatrics, breast and small parts. 
There is state-of-the-art equipment in all areas of 
the dept. Fellows participate in procedures 
guided by ultrasound and computed tomography 
and have ample opportunity to participate in con- 
ference presentations and research projects, 
many of which culminate in publication. Inquiries 
should be addressed to Henrietta Kotlus Rosen- 
berg, M.D., Chairman, Dept. of Radiology, Albert 
Einstein Medical Center, 5501 Old York Rd., 
Philadelphia, PA 19141. 12-2c 


AJR:160, January 1993 


MAGNETIC RESONANCE IMAGING (COM- 
BINED NEURO, MUSCULOSKELETAL AND 
BODY) FELLOWSHIP, THOMAS JEFFERSON 
UNIVERSITY HOSPITAL—The Dept. of Radiol- 
ogy at Thomas Jefferson University Hospital has 
created 2 new openings for 1-yr fellows begin- 
ning July 1, 1993. Responsibilities will be split 
between active neuroradiology and body/mus- 
culoskeletal MRI sections. Equipment includes 4 
1.5-T GE Signa systems with state-of-the-art 
and advanced prototype hardware and software. 
Ample opportunities for clinical responsibility are 
provided. Interested candidates should contact 
Donald G. Mitchell, M.D., Director of MRI, Dept. 
of Radiology, 1096 Main Building, Thomas Jef- 
ferson University Hospital, Philadelphia, PA 
19107; (215) 955-4809. Jefferson is an equal 
opportunity/affirmative action employer. 


INTERVENTIONAL RADIOLOGY FELLOW- 
SHIP—The University of Tennessee, Memphis, 
in conjunction with UT Medical Group, Inc., is 
actively recruiting for a fellow in vascular and 
interventional radiology. The fellowship program 
offers a 1-yr post-residency position beginning 
July 1, 1993, and July 1, 1994. Graduates will be 
eligible for certification of additional qualifica- 
tions (CAQ) in interventional radiology as it is 
anticipated that the program will receive formal 
accreditation by the ACGME in the spring of 
1993. The interventional radiology section pro- 
vides interventional radiology services for 1,600 
adult and pediatric beds in an urban medical 
center which includes the Regional Medical 
Center at Memphis and its Level | trauma cen- 
ter, the tertiary UT/Bowld Hospital and its active 
renal, liver, and pancreas transplant service, the 
Memphis VA Medical Center, the LeBonheur 
Children’s Hospital and the St. Jude Cancer 
Research Institute. Over 2,000 vascular and 
interventional procedures are performed each yr 
including a comprehensive range of all endovas- 
cular procedures such as angioplasty, emboliza- 
tion, vena cava filter placements, and peripheral 
thrombolysis and nonvascular diagnostic and 
interventional procedures including percutane- 
ous and intraoperative nephrostomies, biliary 
interventions, and simple and complex abscess 
drainages. A graduate of the program will be 
prepared to enter either private or academic 
medicine. Three full-time fellowship-trained 
members of the SCVIR work in this busy but 
pleasant atmosphere using state-of-the-art 
equipment. The fellow assists in the teaching of 
residents, participates in ongoing research and 
conferences, and has the opportunity to conduct 
research. Applicants must be board-certified or 
eligible in diagnostic radiology and eligible for 
licensure by the state of Tennessee. The Univer- 
sity of Tennessee, Memphis, is an equal 
employment opportunity/Title IX/Section 504/ 
ADA affirmative action employer. Send letter of 
inquiry to Morris L. Gavant, M.D., Interventional 
Radiology Program Director, University of Ten- 
nessee, Memphis, Dept. of Radiology, 800 Mad- 
ison Ave., Memphis, TN 38163; (901) 577-8248. 
1c 


CALIFORNIA, FELLOWSHIP offers training in 
angio/interventional and cross-sectional imaging 
(MRI, CT, ultrasound). Saint Mary Medical Cen- 
ter is a 500+-bed, acute-care trauma center affil- 
iated with UCLA. Please send CV to Robert T. 
Reinke, M.D., Dept. of Radiology, St. Mary Med- 
ical Center, 1050 Linden Ave., Long Beach, CA 
90813; (310) 491-9900 for further information. 
1xa 
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VASCULAR-INTERVENTIONAL RADIOLOGY 
FELLOWSHIP, 1993—The Dept. of Radiology 
at Boston's Beth Israel Hospital has a fellowship 
opening in vascular and interventional radiology 
for July 1993. Beth Israel Hospital is a 500-bed 
major teaching affiliate of Harvard Medical 
School and is an affirmative action/equal oppor- 
tunity employer. The CVIR section performs 
approximately 1,400 procedures/yr, covering a 
wide gamut of both vascular and nonvascular 
interventions. Additional opportunities for limited 
participation in CT, ultrasound, MRI, and 
research. Candidates should be ABR certified/ 
eligible. Please send inquiries with CV to Sven 
Paulin, M.D., Radiologist-in-Chief, Beth Israel 
Hospital, 330 Brookline Ave., Boston, MA 
02215; (617) 735-2506. 1c 


MUSCULOSKELETAL RADIOLOGY FEL- 
LOWSHIP, 1993—The Dept. of Radiology at the 
University of Virginia offers a 1-yr comprehen- 
sive musculoskeletal radiology fellowship begin- 
ning July 1, 1993. The UVA Health Sciences 
Center is a 670-bed tertiary-care medical center 
with a large variety and high-volume of muscu- 
loskeletal exams and a large residency training 
program. Close relationship with orthopedics, 
rheumatology, and radiation physicists. Fellow- 
ship includes all aspects of musculoskeletal 
imaging: conventional radiography, arthrogra- 
phy, CT, MR, and biopsies. Training includes 
clinical work, research, and teaching responsi- 
bilities. Direct inquiries to Phoebe A. Kaplan, 
M.D., Dept. of Radiology, University of Virginia 
Health Sciences Center, Box 170, Charlottes- 
ville, VA 22908; (804) 982-0211, fax (804) 982- 
1618. The University of Virginia is an equal 
opportunity/affirmative action employer. 1—2c 


BODY IMAGING FELLOWSHIP (MRI, CT, 
ULTRASOUND)—One-yr fellowship position 
commencing July 1, 1994, at St. Luke's- 
Roosevelt Hospital Center in New York City. We 
offer extensive clinical experience and opportu- 
nities for research utilizing state-of-the-art equip- 
ment (GE 1.5-T Signa Advantage MRI, GE 9800 
Hilight/Advantage and Picker PQ2000 slip ring 
CT, Acuson and ATL ultrasound including color 
Doppler). The hospital is a 1,315-bed voluntary 
university hospital of Columbia University Col- 
lege of Physicians and Surgeons. Applicants 
should be ABR eligible or certified. Applications 
requires CV, 3 letters of recommendation. Send 
inquiries to Benjamin Bashist, M.D., St. Luke's- 
Roosevelt Hospital Center, Dept. of Radiology, 
428 West 59th St., New York, NY 10019. An 
equal opportunity employer M/F.1c 


FELLOWSHIP IN VASCULAR AND INTER- 
VENTIONAL RADIOLOGY—Loma Linda Uni- 
versity Medical Center, Southern California, has 
made available an additional fellowship position 
beginning July 1, 1993. Over 2,000 vascular and 
nonvascular special procedures are performed 
annually. The 1-yr fellowship appointment is 
intensive while well supervised allowing for 
graded responsibility in the performance of and 
interpretation of examinations including diag- 
nostic angiography, angioplasty, vascular and 
nonvascular stenting, TIPS, drainage proce- 
dures, and percutaneous biopsies. For addi- 
tional information contact Frank C. Taylor, M.D., 
Interventional Radiology, Loma Linda University 
Medical Center, P.O. Box 2000, Rm., 2605E, 
Loma Linda, CA 92354; (714) 824-4370, fax 
(714) 824-4157. 1c 
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ONE-YR FELLOWSHIP IN ANGIOGRAPHY/ 
INTERVENTIONAL RADIOLOGY—The Dept. 
of Radiology, The George Washington Univer- 
sity Medical Center, Washington, D.C., is 
accepting applications for a 1-yr fellowship in 
angiography/interventional radiology beginning 
July 1, 1994. The section consists of 2 adjoining 
state-of-the-art angio suites sharing a large 
common control room. The section is responsi- 
ble for all non-neuro and non-cardiac diagnostic 
angiography as well as all nonvascular image 
guided interventions, utilizing ultrasound, CT, or 
fluoro. The section is clinically-oriented and 
actively involved in direct patient care. A full 
range of diagnostic and therapeutic procedures 
are performed. Cross-training in vascular ultra- 
sound and vascular MRI is possible. Approxi- 
mately 800 cases/yr. Applicants must be 
graduates of an approved US medical school or 
its equivalent, must have completed an 
approved residency in diagnostic radiology, be 
eligible for ABR certification, and be eligible for 
medical licensure in the District of Columbia. 
Please send inquiries with CV to Edward M. 
Druy, M.D., Dept. of Radiology, The George 
Washington University Medical Center, 901 23rd 
St., N.W., Washington, D.C., 20037. The 
George Washington University is an EEO/affir- 
mative action employer. 


FELLOWSHIP IN MAGNETIC RESONANCE 
IMAGING at Central Massachusetts Magnetic 
Imaging Center, July 1994 through June 1995. 
CMMIC is a consortium of 3 area teaching hos- 
pitals (The Medical Center of Central Massachu- 
setts, St. Vincent Hospital, and the University of 
Massachusetts Medical Center) with clinical, 
research, and teaching responsibilities. CMMIC 
currently utilizes 2 state-of-the-art clinical 1.5-T 
GE Signa systems as well as a 2.0-T GE Fre- 
mont CSI research system. The fellowship 
includes thorough training in MRI physics, imag- 
ing principles, clinical applications, and image 
interpretation. Duties include: interpretation of 
neuro, musculoskeletal, abdominal, pediatric, 
and cardiac studies and participation in 
CMMIC’s teaching and research activities. 
Requirements include satisfactory completion of 
a 4-yr accredited radiology training program and 
board-eligible or certified. Please send inquiries 
to James F. Lingley, M.D., Medical Director, 
CMMIC, Inc., 367 Plantation St., Worcester, MA 
01605 1—2c 


BODY IMAGING FELLOWSHIP (BODY CT, 
ULTRASOUND, BODY MRI) TO BEGIN JULY 
1994—The Dept. of Radiology of the University 
of Vermont offers a 1-yr fellowship in body imag- 
ing. Included is training in body CT utilizing 2 GE 
Fast Scan helical systems, ultrasound (abdomi- 
nal, vascular, and high risk obstetrics) with 5 
color flow Acuson units, and body MRI with a 
completely equipped GE Signa (MRA, Fast SE, 
and phased array). The Medical Center Hospital 
of Vermont is a regional referral center for 
trauma, tertiary obstetrics, and oncology; there 
are strong programs in surgery, transplant, and 
orthopedics. Clinical research opportunities are 
available and well-supported. The University of 
Vermont is located in Burlington, a family-ori- 
ented community of 50,000 on Lake Champlain 
and in the Green Mountains; unsurpassed rec- 
reation is nearby. Low crime, no traffic, great 
schools, abundant cultural life. Please send CV 
to William P. Shuman, M.D., Director, CT/MR/ 
Ultrasound, Dept. of Radiology, Medical Center 
Hospital of Vermont, Burlington, VT 05401. 1—4c 
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THE UNIVERSITY OF WISCONSIN RADIOL- 
OGY has an opening for an angiography/inter- 
ventional fellow for 1-yr commencing July 1, 
1994. Four fellowship-trained faculty, 1 fellow 
and 2 residents staff the section which does 
over 2,500 procedures/yr. Experience in mag- 
netic resonance angiography is available. Let- 
ters of inquiry and CV should be sent to Andrew 
B. Crummy, M.D., Professor, Dept. of Radiology, 
600 Highland Ave., Madison, WI 53792-3252. 1c 


FELLOW, PEDIATRIC RADIOLOGY, OTTAWA, 
CANADA—The Dept. of Radiology of the Child- 
ren’s Hospital of Eastern Ontario is seeking a 
fellow in general pediatric radiology for a 1- or 2- 
yr term. Address inquiries to Dr. Mary Ann Matz- 
inger, Chief, Dept. of Radiology, 401 Smyth, 
Ottawa, ONT K1H 8L1. 
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Image courtesy of Forrest Bates, MD, Radiology Associates of the Fox Valley, Neenah, WI. 
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MAGNEVIST® injection consistently pro 
definition of difficult-to-see lesions. And pa 


AGNEVIST® injection extremely well, ext 


side effects. This excellent safety profile, pro 


patients, helps you enhance with confide 





Well tolerated! The most common adverse reactions reported were headache (8.7%) and injection- 
site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild to moderate 
severity. An asymptomatic transient rise in serum iron was experienced by 15% to 30% of patients. Hypoten- 
sion and anaphylactoid reactions have occurred in less than 1% of patients. The safety of MAGNEVIST® 
Injection in patients with hemolytic disorders has not been studied. 


1. Data on file, Berlex Laboratories, 





BRIEF SUMMARY 


INDICATIONS AND USAGE 

MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors 

MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication 


CONTRAINDICATIONS 
None known 


WARNINGS 
The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gacopenteale dimeglu 
mine may possibly potentiate sickle erythrocyte alignment MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied 

Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 


after administration of the drug. Although fhe relationship of 
gadopentetate dimegiumine to these events is uncertain, patients 
should be observed for several hours after drug administration 


PRECAUTIONS - General 

Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed 

In a patient with a history of grand mal seizures, MAGNEVIST” Injection was reported to 
induce such a seizure 

Snee gadopentetare dimeglumine is cleared from the body by lomerular filtration, caution 
should be exercised in patients with severely impaired renal function 


The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or car- 
diovascular reactions or other idiosyncratic reactions should always be considered (see 
ADVERSE REACTIONS) especially in those patients with a known clinical hypersensitivity or 
history of asthma or other allergic respiratory disorders. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours, Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients, While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents 

Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body 


Information for Patients 

Patients receiving MAGNEVIST™ Injection should be instructed to 

1. Inform your physician if you are pregnant or breast feeding 

2. Inform your physician if you have anemia or any diseases that affect red blood cells 
3. Inform your physician if you have asthma or other allergic respiratory disorders. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General) 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine 

Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 pg/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 25 mmol/kg, respectively 


The results of a reproductive study in rats showed that gadopentetate dimegiumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
preanancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the O1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed 

In a separate expenment, 16 daily intravenous injections were administered to male rats 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 25 mmol/kg 
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PREGNANCY CATEGORY C. 


Gadopentetate dimeglumine has been shown to retard development slightly in rats when 

iven in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection snoulg be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C"4 labelled godopeniajate dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period, Itis not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing 


PEDIATRIC USE 
aaen and efficacy in children under the age of 2 years have not been established 
(See Indications and Usage and Dosage and Administration sections) 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate severity. In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8% 
Nausea occurs in 3.2% of the patients 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients 

a * — The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever. 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis and anaphylactoid reac- 
tions (characterized by cardiovascular, respiratory and cutaneous 
symptoms) rarely resulting in death 
Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis 
Digestive: Gastrointestinal distress, stomach pain, teeth pain, 


INJECTION 


increased salivation 

Nervous System: Agitation, thirst, convulsions (including grand mal) 

Respirator System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cou 

Skin Rash, sweating, pruritus, urticaria (hives) 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted 

Body as a Whole: Back pain, pain, generalized warmth 

Cardiovascular. Hypertension, tachycardia, migraine, syncope, death related to myocardial 
infarction or other undetermined causes. 

Digestive: Constipation, diarrhea 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor 

Skin. Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain 

Data from foreign studies did not reveal any additional adverse experiences 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate inept ns injection in mice is 
§-12.5 mmol/kg and in rats it is 10-15 ky | The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
fates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded 















DOSAGE CHART 

Body Weight Dose in Approx Duration of 

(kg) mL Injection in Seconds 
10 2.0 
20 40 
30 6.0 
40 8.0 
50 10.0 
60 12.0 
70 14.0 
80 16.0 
90 18.0 
100 20.0 








To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within | hour of 
injection of MAGNEVIST® Injection 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit 

For full prescribing information, see package insert 

Caution: Federal Law Prohibits Dispensing Without Prescription 


©1991, Berlex Laboratories 
All rights reserved 

Berlex Laboratories 
Wayne, New Jersey 07470 
60626-1 Revised 8/91 
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L WHEREVER INNOVATION MATTERS, 
_ SANOFI WINTHROP IS THERE. 


For six decades, Sanofi Winthrop has been a 
leader.in innovative radiologic technologies. 
We take pride in our reputation for excellence — 
a reputation eamed by the tigor of our clinical 
data and our experience in milions'of patients. 

Sanofi Winthrop is also a resource for your 
practice. We offer continuing medical and 
patient education that sets the standard in the 
industry. Our reimbursement program, one of 
the most comprehensive of any manufacturer, 
is acCessible through a hot line, 1-800-767-OMNI. 
And our Volume Management Program™ uses 
the flexibility of our paekage'siziñngito'sùpport 
your efforts in minimizing product waste. 

At the forefront of technology. education, 
and service- Sanofi Winthrop is omnipresent 
wherever you and your colleagues need us, 


© 1992 Sanofi Winther Porn gee 64- 210840 


A LEADERSHIP, EVERYWHERE YOU LOOK. 





